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TABLES OF ISENTROPIC EXPANSIONS OF PARAHYDROGEN AM) RELATED TRANSPORT 
PROPERTIES FOR TOTAL TEMPERATURES FROM 25 K TO 100 K AND 
FOR TOTAL PRESSURES FROM 1 ATM TO 10 ATM 

By 

Richard C. Haut and Jerry B. Adcock 
RASA Langley Research. Center 

SUMMARY 

The isentropic expansions of parahydrogen at various total pressures 
and total temperatures ■were numerically determined "by iterating Mach 
number and by using a modified interval halving method. The calculated 
isentropic values and related properties are presented in tabulated form. 

INTRODUCTION 

The wind-tunnel has been the primary tool for experimental aerody- 
namic research and development for many decades. Because of the increase 
in size and speed of aircraft in recent years , a need has developed for 
an increase ground testing capability in terms of Reynolds number. This 
need lias been well documented, for example, in reference 1 and 2. The 
need for a higher Reynolds number testing capability than presently exists 
is particularly apparent in programs aimed at the development of efficient 
transport aircraft or maneuvering fighter aircraft designed to operate at 
transonic speeds. A major problem in the transonic region is the effect 
of Reynolds number on shock boundary layer interactions, and in turn, on 
the aircraft stability and performance characteristics. 
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At a given Mach number, the Reynolds number may be increased by 
using a heavy gas rather than air as the test gas, by increasing the 
size of the tunnel and model, by increasing the operating pressure of the 
tunnel, and by reducing the test temperature. The method chosen to 
increase Reynolds number will, in general, also affect dynamic pressure, 
mass flow rate, and the power consumption of the tunnel per unit run time. 
The use of a heavy gas is a well-known method of achieving high Reynolds 
number. However, the differences in the ratio of specific heats becomes 
important when compressibility effects become significant, thus making 
Freon-12 a questionable transonic test medium. The more common approaches 
of increased size and increased stagnation pressures involve serious 
problems related to such questions as construction and operating costs, 
model and support loads, and the possibility of providing continuous- 
flow capability. The fourth method, that of reduced test temperature, 
appears to offer an attractive solution to the preceding problems. 

However, as the test temperature is reduced, the properties of the test 
gas will begin, at some point, to deviate from the properties of an ideal 
gas. At cryogenic temperature real -gas effects may become appreciable 
and these effects on the aerodynamic test results must therefore be 
analyzed in order to determine if a particular gas is acceptable as a 
wind-tunnel test gas at cryogenic temperatures. 

A cryogenic wind-tunnel concept has evolved at HASA-Langley Research 
Center in which liquid nitrogen is sprayed directly into the tunnel circuit 
to cool the tunnel structure, remove the heat input from the drive fan, 
and balance the heat conducted through the tunnel walls. Nitrogen is tne 
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resulting test gas using this cooling procedure. Throughout the evolu- 
tion of the cryogenic -wind-tunnel concept at NASA-Langley Research Center, 
experimental and theoretical studies have been made to access the suit- 
ability of cryogenic nitrogen as a test gas. After analyzing real-gas 
isentropic and normal shock solutions, and performing two-dimensional 
airfoil pressure tests, Adcock, Kilgore, and Ray in reference 3 concluded 
that the real-gas effects of nitrogen pose no problem as far as its use 
in a transonic wind tunnel operating at cryogenic temperatures and at 
stagnation pressures up to 5 atmospheres. 

Nitrogen is, of course, not the only gas which might be considered 
for use at cryogenic temperatures. However, in order to assure similarity 
between the flow over the model in the wind-tunnel and the vehicle is 
flight, it is essential that any candidate test gas behave, for all 
practical purposes, like an ideal diatomic gas. 

In addition to nitrogen, one of the most promising diatomic gases 
is hydrogen. Due to its very low vapor temperature it is possible to 
achieve even higher test Reynolds numbers at a given total pressure by 
using cryogenic hydrogen rather than cryogenic nitrogen as the test gas. 
Alternatively, for a given size tunnel it is possible to achieve a 
required test Reynolds number, at a lower total pressure in hydrogen than 
in nitrogen thus reducing model, sting, and balance loads. 

As a part of a larger program aimed at determining the suitability 
as well as the practicality of using cryogenic hydrogen as a wind-tunnel 





test gas, the various ratios describing isentropic expansions of para- 
hydrogen* at various total pressures and temperatures have been determined 
up to Mach 2 and compared with the corresponding values for an ideal 
diatomic gas. In addition, the local isentropic expansion coefficient, 
viscosity, thermal conductivity, and Prandtl number have also been 
determined for the various combinations of pressure, temperature and Mach 
number . 

The purpose of this report is to present in tabular form the various 
isentropic expansion ratios and the corresponding transport properties of 
parahydrogen . 

In order to expedite the publication of the tabular results no 
analysis is made in this paper. 


SYMBOLS 


A 


area 


c speed of sound 


H enthalpy 


M 


Mach number 


^Equilibrium hydrogen consists of ortho- and parahydrogen molecules. 
The difference in the direction of spin of the protons in the hydrogen 
molecule results in the two forms of hydrogen; ortho, in which the spins 
are in the same direction, and para, where the spins are in opposing 
directions. When liquid hydrogen evaporates, the equilibrium condition 
is essentially pure parahydrogen. This stable condition can even be 
maintained at ambient temperatures , 
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REAL-GAS ISENTROPIC SOLUTIONS 

A computer program giving the thermodynamic and related properties 
of parahydrogen from the triple point to 300 K at pressures to 1000 tar 
ms obtained from the National Bureau of Standards (NBS). The NBS program 
is an updated version of the one used by Weber in reference U. Although 
the BBS program is slightly different from the one used by Weber, the 
uncertainty in the results are the same in each program and are discussed 
in the report by Weber. In order to make use. of the NBS program, it ms 
modified into a subprogram form (subprogram THERMO), The inputs to this 
subprogram are temperature and pressure, and the outputs are the thermo- 
dynamic and related properties. 

Besides the main program, a subprogram (ISENT) ms also developed 
that made use of THERMO. By using a modified interval halving technique, 
ISENT calculates pressure and ether thermodynamic properties for a given 
temperature and entropy. 

ft 

The main program basically centers around ISENT. By iterating on 
Mach number and employing a modified interval halving technique, the 
isentropie expansion of parahydrogen at various total temperatures and 
total pressures is calculated. 

Other converging techniques, such as the Newton-Raphson and Muller 
methods were considered along with the interval halving technique. But, 
because of the additional calculations involved, which would mean calling 
THERMO more often, and due to the fact that a good first approximation 
could he made through the use of the ideal gas equations, the interval 
halving technique was selected. 
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Since the only region under consideration is in the gaseous phase* 
the saturation boundary was considered as the lower temperature and 
pressure limit and the calculations were stopped when the static pressure 
was within 10 % of the saturation pressure at the particular static 
temperature. From a temperature point of view, this means that the static 
temperature was within approximately 1 K of the saturated condition. 

Generalized flow charts for both the main program and subprogram 
ISENT are given in figure 1. 

For the main program, the values of the total temperature and total 
pressure are initialized in step 1. The resulting total conditions 
{density, sound velocity* etc.) are then computed in step 2 using subprogram 
THERMO. In steps 3 through 7 the sonic conditions are determined using 
the interval halving technique. Step 8 is the start of the Mach number 
iteration and in steps 9 through 12 the conditions at the iterated Mach 
number are determined by using the interval halving method to converge 
on the corresponding static temperature. The ratios to the ideal gas 
values are computed in step 13 and the values are then printed in step 15. 

ADDITIONAL FLOW AND TRANSPORT PROPERTIES 
Local Isentropic Expansion Coefficient 

The pressure and density relationship for the isensropic expansion 
of a real-gas may adequately he described by the exponential equation 



vhere ? is defined as the local isentropic expansion coefficient. For 
ideal gases this coefficient is constant and equal to the specific heat 
ratio, For real-gases, the coefficient of isentropic expansion is, in 
general, not equal to the specific heat ratio, and may vary. In this 
report the local isentropic expansion coefficient is defined as: 



The values of this coefficient are listed on the second page of each table 
in the second column. 

It was previously stated that to assure similarity between the flow- 
over a model in the wind-tunnel and the vehicle in flight, it is essential 
that any candidate test gas behave, for all practical purposes, like an 
ideal diatomic gas. In addition to this requirement, the transport 
properties of the test gas should vary approximately the same as the 
transport properties of the atmosphere. In particular, for heat transfer 
studies the variations of the thermal conductivity and Prandtl number are 
of importance. Similarly, for the study of viscous effects, the variations 
of viscosity and Reynolds number should be considered. 

The program supplied by the National Bureau of Standards does not 
calculate the transport properties. The viscosity is determined using the 
equation given by McCarty in reference 5. In his report McCarty discusses 
the development by Oilier in obtaining this equation and the estimation of 


the error involved. 
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Roder, McCarty, and Hall give a linear interpolation subprogram 
for thermal conductivity in reference 6. Reference 6 also contains a 
discussion of the sources of the data and an estimation of the error 
to be expected. 

USE OF TABLES 


The tables are separated by total pressure conditions and subdivided 
by total temperature values. The divisions are as follows: 


Table Total 

number pressure, atm 


Subdivision 


Total 

temperature, K 


I 1.0 


II 3.0 


III 5*0 


IV 8,0 


A 

B 

C 

D 

E 

F 

G 

H 

A 

B 

C 

D 

E 

F 

Or 

H 

A 

B 

C 

D 

E 

F 


25.0 

30.0 

Uo.o 

60.0 

80.0 
100.0 
200.0 
300.0 

30.0 

35.0 

40.0 

60.0 
80.0 

100.0 

200.0 

300.0 

35.0 

40.0 

60.0 
80.0 

100.0 

200.0 


G 

A 

B 

C 

D 

E 

F 

G 

H 


300.0 

40.0 

1 * 5.0 

50.0 

60.0 

80.0 

100.0 

200.0 

300.0 
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Table 

Total 

Subdivision 

Total 

number 

pressure, atm 

temperature, K 

7 

10.0 

A 

45,0 


B 50.0 

C 60,0 

D 80.0 

E 100.0 

P ' 200.0 

G 300,0 

An explanation of the column headings is given in the section entitled 
Computer Output Dictionary, which immediately precedes the tables. 

The last five columns of the first page of each table give the values 
of the various isentropic expansion ratios relative to the ideal diatomic 
gas values. For example, table II F at a Mach number of 1.0 gives a value 
of 0.9513 for the relative pressure ratio. This means that the real gas 
value of the pressure ratio necessary to expand to Mach 1.0 differs from 
the ideal gas value by 4.87 %- 

Some tables, for example table I A, have the statement " saturation 
boundary reached" printed on the last line. This means that at the last 
Mach number listed the static pressure is within 10$ of the saturation 
pressure at that particular static temperature. 

CONCLUDING BEMABJCS 

The isentropic expansions of parahydrogen at various total pressures 

and temperatures were determined numerically by iterating Mach number 

I 

( and using a modified interval halving technique. These basic real-gas 

solutions and comparisons with the ideal diatomic gas solutions are 
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presented in tabular form for a range of total temperatures from 25 K 
to 300 K and a range of total pressures from 1 atm to 10 atm. Also 
included in the tables are the corresponding values of viscosity, 
thermal conductivity, Reynolds number per unit length, Prandtl number, 
and local expansion coefficient. 
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COMPUTER OUTPUT DICTIONARY 


A«/A 

ratio of critical area (where the local speed is 
the local speed of sound) to the local area 

equal to 

CP/CV 

ratio of the specific heat at constant pressure to the 
specific heat at constant volume 

MACH 

Mach number 


FT 

3 2 

total pressure, atm (l atm 101.3 x 10 N/m ) 


P/PT 

ratio of static pressure to total pressure 


RE/M 

-1 

Reynolds number per meuer, m 


RHOT 

total density g/em 


RHO/RHOT 

ratio of static density to total density 


SVT 

sound velocity at total conditions, m/sec 


SV/SVT 

ratio of the sound velocity at static conditions 
velocity at total conditions 

to the sound 

TT 

total temperature, K 


T/TT 

ratio of the static temperature to the total temperature 

Z 

compressibility factor, F/pRT 
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MAIN PROGRAM 



Figure 1. Flow charts. 




















MAIN PROGRAM, continued 



Figure l c Concluded. 
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1 v 0 0 0 0 

0.0000 

1.0000 

1.91100 

1.0000 

1,0800 

1.0000 

| 

• 05 0 

. 11 7E+n* 

.9664 

1.734? 

.9996 

.9979 

.999? 

.9988 

.8888 

.9998 

.9997 

.9997 

1.0000 

1.0300 


.10 0 

.?33~+na 

.9664 

1 .7346 

.9983 

. 991 6 

.9966 

.9949 

.1768 

.9993 

.9986 

.9986 

.9999 

1.0294 


*150 

.3485 + 0 8 

.9664 

1.7346 

.9962 

.9813 

.9925 

,98 88 

* 2639 

.9984 

.9969 

.9970 

1.0000 

1.0205 

f. 

.200 

•46 lt+ OS 

.9664 

1.7345 

.9933 

.9672 

.9867 

.980? 

.3466 

.9972 

.9945 

. 9946 

1.0000 

1.0273 


.250 

.5725*08 

.9664 

1.7349 

.9895 

.9496 

,9794 

.9696 

.4270 

.9957 

.9918 

.9917 

1.0002 

1,0260 

f- 

t: 

.30 0 

.6805+08 

.9663 

1 .7343 

.9850 

.9284 

.9706 

*9566 

,59 32 

.9938 

.9682 

,9881 

1.0002 

1.0240 

; 

• 35 0 

.784E+08 

.9663 

t *?34? 

.9798 

: .9045 

,9604 

.9418 

.5749 

.9917 

• 9844 

.9840 

1.0006 

1.0222 

i.- 

.<*00 

• 085c,+ 0 8 

.9663 

1.?341 

.9739 

.eT77 

.9490 

.9251 

.6414 

.9893 

.9880 

.9793 

1.0009 

1.0200 

f; 

?.; 

■ 45 0 

#9815+08 

.9662 

1.7339 

.9672 

.8488 

.9363 

.9067 

.7025 

.9866 

.9753 

.9742 

1.8013 

1.0177 


.50 0 

•107E *09 

.966? 

1.7337 

.9600 

.am 

.9225 

.8870 

.7579 

.9837 

. 9704 

, 9686 

1.0020 

1.0154 


.530 

« 11 6t + 0 9 

.9657 

1.7335 

.9522 

.78=0 

.9077 

.8659 

.8 07? 

.9806 

.9652 

. 9627 

1.0029 

1.0130 

; 

• fcO Q 

. 1245*09 

* 96 6? 

1.7333 

.9439 

.7526 

.8921 

.0439 

.8507 

.9772 

.9600 

.9563 

1.0041 

1.0108 


.650 

.1326+09 

.9661 

1.7331 

.9351 

• 7 1P7 

.8757 

.8209 

.888? 

.9738 

.9547 

.9497 

1.0055 

1.0086 


.70 0 

.1395 +09 

*9661 

1 .733 3 

.925 8 

• 6 04 4 

.858? 

.797? 

.9198 

.9701 

.9493 

.9429 

1.0072 

1.0066 


.75 0 

.1465+09 

. 9661 

1.7325 

.9162 

.6501 

.8411 

.7731 

.9457 

.9664 

.9442 

.9358 

1.0093 

1.0048 


.ao o 

•153E+G9 

.9661 

1.7323 

.9063 

.6161 

.8232 

.7487 

.9663 

.9625 

.9391 

.9285 

1.0117 

1.0022 


.85 0 

. 15 BE + 0 9 

.9661 

1.7320 

.8961 

.6825 

.8048 

*7240 

.9816 

.9586 

.9342 

.9211 

1.0145 

1.0019 

! 

* 90 0 

.164E+09 

• 9661 

1.7316 

.8856 

.5497 

.7863 

.6993 

.9922 

.9546 

.9297 

.9137 

1.0178 

1.0009 

;-• 

.95 0 

.169c fnq 

.9661 

1.7313 

,B?49 

.5177 

.7676 

.6747 

. 9982 

.9506 

.9254 

.9061 

1.0215 

1.0003 

t . 

1.900 

. 1 73E+0 9 

.9661 

1.7310 

.8641 

. 4 86 7 

.748 8 

.6501 

1.0000 

.9465 

.9213 

.6986 

1.0255 

1.0000 

; 

1*050 

. 177E+09 

.9661 

1.7306 

.8531 

.4569 

.7301 

.6260 

.9982 

.9425 

.9177 

.8911 

1.0302 

1.0003 


1.100 

.1815+09 

.9662 

1.7 30 3 

.842 0 

.4 204 

.7114 

.6023 

.9931 

.9384 

. 91 46 

.8836 

1.0354 

1*0010 

r 

1 . 15 0 

• 184E+09 

.966? 

1 .73no 

.9309 

.4011 

.6928 

.5790 

.9849 

.9344 

.9119 

.8761 

1.0411 

1.0021 

r 

1*200 

. 1 87E+0 9 

.9 66? 

1 » 7 ? 9 6 

.81 98 

■ ,3?51 

.6745 

,5563 

.9742 

.9303 

.90 97 

*8687 

1.0474 

1. 0038 


1 *25 0: 

» 19 0l+0 9 

.9663 

1.7293 

.8086 

.3505 

.6564 

.5341 

.9610 

.9264 

.9079 

.8515 

1.0540 

1. 0059 


1.300 

.19?=+ 09 

.9663 

1.7290 

.7975 

.3 272 

.6385 

.5125 

.9458 

.9225 

.9066 

.8543 

1.0613 

1. 0085 


1 .35 0 

.194E+G9 

.9664 

1.7287 

.7864 

.305? 

.6209 

.4916 

.9290 

.9186 

.91158 

.8473 

1.0691 

1. 0117 

pr 

1*40 0 

.1965+09 

.9664 

1.7284 

.7754 

.2846 

.60 3? 

.4714 

.9199 

.9148 

.9056 

.8404 

1.0777 

1.0156 


1.450 

.1985+09 

.9565 

1.728? 

. 7644 

.26=2 

• 5668 

.4519 

*8916 

.9111 

.90 59 

• 8336 

1.0867 

1.0199 

1 

1.500 

• IPREt 0 9 

.9665 

1*7279 

.7535 

.2470 

.5704 

.4330 

.8713 

.9074 

.9067 

.8270 

1.0963 

1.0248 

1 

1.550 

.2005+09 

.9666 

1.7279 

.7429 

-.2300 

• 5543 

*4149 

.8593 

.9038 

.9081 

.8206 

1.1064 

1.030? 

F 

1.600 

.701E+09 

.9666 

1 a 7?7 6 

.732? 

.2140 

• 53 86 

.397* 

.8287 

.9003 

.9098 

.8143 

1.1170 

1.0360 


SATURATION BOUNDARY REACHED. 


TAHL 1 I. =-:AL-GaS TSENTROPIC EXPANSIONS OF PARAhVDPOGEN 


MACH 

LOCAL ISr NTRQPIC 

P. ICONTINUED! 
VISCOSITY 

THERMAL CONDUCTIVITY 

PRANDTL 


EXPANSION COEFF . 

G/CP-SEC 

CAL/CM-SEC-K 

NUHBEP 

(1 .00*1: 

t 

.162112-04 

•571562-04 

.7345 

.05" 

1.6953 

• 161 98E-04 

.571092-04 

. 7346 

.mo 

1.6551 

.1616 IE- 04 

.569692-04 

.7347 

. 150 

1.6765 

.160982-04 

.567372-04 

.7348 

,200 

1.6720 

• 1 601 2E-0 4 

• 564152-0-4 

, T 350 

. 250 

1.6853 

.159022-04 

■ 560072-04 

.7352 

.300 

1.6655 

•15769E-04 

• 5551 5£- 04 

. '354 

,350 

1,6808 

.156152-04 

• 54945E-04 

.7357 

,400 

1.6720 

.154402-04 

.543022-04 

.7360 

.450 

1.6736 

. 15.24 7£-0 4 

.53590E-04 

.7364 

,500 

1.6737 

• 150 3f E-0 - 

.520172-04 

.7367 

• 55 0 

1,6725 

.148092-04 

.51987E-04 

.7371 

,500 

1,6740 ; 

•145672-04 

.51108E-Q4 

.7374 

,650 

1.6730 

, 1431 3£-fl4 

.501852-04 

.73 77 

.700 

1.6721 

.140472-04 

.492132-04 

.7382 

,750 

1.6727 

.13771E-04 

.482012-04 

.7388 

. ono 

1.6723 

.134872-04 

•47160E-34 

.7394 

.050 

1.6712 

.131962-04 

•460952-04 

.7401 

,900 

1.6721 

.178902-04 

. 4501 32—04 

.740 8 

.950 

1.6309 

.12599E-04 

,439172-04 

.7415 

1.000 

1.6678 

.122952-04 

.428132-04 

.7422 

1,050 

1,6710 

,119902-04 

.417062-04 

.7429 

1.100 

1.6701 

• 11 6842-fl 4 

.406012-04 

.7436 

1.150 

1.6694 

.11 378E-04 

.395012-04 

.7443 

1.200 

1.6704 

.110742-04 

.38409E-04 

.7451 

1.250 

1.6675 

.107722-04 

.375192-04 

,7420 

1.300 

1.6672 

.10472E-04 

• 36789E-04 

.7357 

1 .350 

1.6681 

.101762-04 

, 36079E-04 

,7291 

1.40" 

1.6700 

• 98847E-05 

.353092-04 

.7222 

1,450 

1.6683 

• 95966E-05 

.347192-04 

.7149 

1.500 

1.6679 

.93 142 E-0 5 

•34070E-04 

.7073 

1.550 

1.6674 

.90 370E-05 

.334412-04 

.6994 

1 . 600 

1.6654 

• 87655E-0 5 

.328322-04 

.6913 


SATURATION BOUNDARY REACHED, 




OF POOR QtiAUTtt 

TAPI." I. =>5AL-Gfl'' f:£NTpoPlr EXPANSION'S OF parahtorogen 


! 



c . r r 

= .4 0 . 0 K 

P T = 

1.0 ATM 

PHOT - 

.6245-33 

G/CM3 

SVT - 521 

.236 M/SEC 




r 

MACH 

PE/M 

z 

CP/CY 

SV/SVT 

P/PT 

T/TT 

PHO/PHOT 

A*/A 

SV/SVT 

P/PT 

T/TT 

RHO/PHOT 

A*/ A 











1 

1 

fl 

1 

RELATIVE TO 

IDEAL 

GAS VALUES-—-— 

£: 

o.o no 

0. 

.9345 

1.6993 

1.0000 

l.nooo 

1.0000 

1 .noon 

0.0800 

1.0080 

1.0000 

1.0000 

1.0000 

1.0000 

' 

.05 0 

. 7 ME + 0 7 

.98 *5 

1.6993 

* 9996 

,9979 

.999? 

• 9988 

• 0 886 

.9998 

.9997 

.9997 

l.OOQO 

1.0295 

l' 

.100 

» 15 6E >0 8 

.99+5 

1 .6993 

.998 3 

.9916 

.9967 

.9949 

,1767 

.9993 

.9986 

. 9987 

.9999 

1.0296 

f 

• 15 0 

.232E+C9 

• 98-‘*5 

1.6993 

.9962 

.9313 

.9925 

.9889 

.2629 

.9985 

.9969 

.9970 

.9999 

1.0*90 

r 

.20 0 

.*o 8 E+ob 

.9345 

t .6997 

.993* 

.9674 

.9868 

.9804 

.3465 

.9973 

.9948 

.9947 

1.000? 

1.0270 


.250 

■: .3625+0 8 

, 9845 

1.6994 

.9896 

.9496 

.9796 

.9696 

*4268 

.9958 

.9918 

.9917 

1. 0002 

1.0254 

£ . 
jj. 

.300 

•454E+0 8 

• 9844 

1.6994 

.965? 

.9286 

.970* 

,9567 

,5031 

.9940 

• 9685 

.9882 

1.0004 

1.0236 

: 

.350 

.5235+08 

. 98 44 

1.6994 

,9 30 0 

,9iJ**5 

.9606 

.9+17 

.5747 

.9919 

.9844 

.9841 

1*0005 

1.9217 


.4 0 0 

.5905+08 

. 9.3 +4 

1.6994 

.9741 

.8779 

.9491 

.9751 

.6413 

.9895 

.9802 

.9795 

1.0009 

1.0197 

t' • 

r • 

. 45" 

.6575+0 a 

.9843 

1 . 6 99 7 

.9675 

.1U89 

.9365 

.9067 

.7023 

.9869 

.9755 

.9744 

1.0D13 

1.0175 

i ' 

. 5.0 3 

.7145+08 

.9 843 

1.6903 

,9603 

.8182 

.9227 

.8869 

.7577 

.964 0 

.9705 

.9689 

1.0020 

1.0152 

i 

. 55 0 

.771-+08 

. 98+2 

1.6993 

*9525 

. 7861 

.9090 

.8660 

. 8072 

.9809 

.9655 

.9629 

1.0030 

1.0130 


.50 0 

.625^+08 

. 934 2 

1,6992 

.9443 

.75? 6 

.8924 

. 34 37 

• 85 05 

.9777 

• 9608 

.9567 

1*0039 

1.0105 

l 

.65 0 

• + 7 6 5+0 a 

.9341 

1 .6951 

.9355 

• 7187 

.876" 

.8207 

. 8679 

.9742 

.9547 

.9501 

1.005 3 

1.0084 

jjb 

.70 0 

.9275 + 08 

.9641 

1 ,6990 

.9267 

.6845 

.8591 

.797? 

.9197 

.9706 

.9495 

.9432 

1. 0 07 1 

1.0365 

l 

.75 0 

.9675+08 

.9340 

1.692 9 

.916 + 

.6501 

.8415 

.7730 

.9455 

.9669 

.9442 

,9362 

1.0090 

1.3045 

l 

• 6 0 0 

.1015+09 

.9340 

1.6968 

. 90 66 

,6161 

.82 36 

,74 85 

.9661 

.9631 

.9391 

.92 90 

1.0115 

1.00 30 

[ 

• 65 n 

.]f45+n9 

• 9 8h n 

1 .698 7 

.8966 

.5375 

.8053 

.7?*8 

.9815 

.959? 

.934? 

.9216 

1.0143 

1.0018 


.90 0 

.1185+09 

.9339 

t .6985 

.386? 

.6497 

.7967 

.6991 

.9921 

* 955 3 

.9297 

. 9142 

1.0176 

1.0009 

if 

. 9" 0 

.1115+09 

.98 79 

1 .6964 

,8 7 55 

.5177 

.76 80 

.67+5 

.9981 

.9513 

.9254 

.9067 

1.0213 

1.0003 


1.000 

.1145+09 

.9838 

1.6982 

.86+* 

. ,«867 

.7493 

.6500 

1.0000 

,9472 

.9213 

.0991 

1.0254 

1*0000 

f 

1.05 0 

.1165+09 

.9833 

1 .6981 

.6537 

. + 5b 9 

.7305 

*6?59 

.9083 

.943? 

.9177 

• 8916 

1*0301 

1.0003 

F* 

1.10 0 

.1185+^9 

.9679 

1 *6 97 9 

,84?> 

,42"? 

.711 9 

.6020 

,9929 

,9391 

.9143 

.8841 

1.0350 

1,0008 

k> 

! 

1.15 0 

.1205 +09 

.9675 

1 .6 97 3 

.8316 

.‘.010 

.6933 

.5739 

.9849 

.9351 

.9118 

.8767 

1.0406 

1.0021 

s' 

K\ 

t .20 0 

.1225+09 

.9339 

1.6976 

.82 0* 

,376 0 

.6749 

.5561 

. 9741 

.9311 

.90 94 

.8693 

1.0470 

1.0037 

fe-' . 

1.25 0 

.1235+09 

.933 9 

1 .697* 

.80 93 

.3504 

• 65 68 

.5339 

.9609 

.9272 

.9076 

,6620 

1.0536 

1*0058 

S' 

i.tm 

.1755+09 

.98*3 

1.6977 

.7987 

, *?71 

.6*99 

.51*3 

.9458 

.923? 

.906? 

.8549 

1.0609 

1.0065 

6 ' 

f, ■ 

1 .750 

.1765*09 

• 9'8 * 3 

1,6971 

.7871 

.3051 

.6214 

.+914 

. 9290 

.9194 

.9054 

.8478 

1.0667 

*.0117 

!- 

1 .40 n 

.1275+09 

.96 78 

1*6969 

.7760 

• 2 841, 

.6041 

.471? 

.9107 

.9156 

.9051 

.8409 

1.0771 

1.0154 

L 

E 1 

1 . 46 0 

.1275+09 

.9839 

1*6967 

.7651 

,2650 

.587? 

.4516 

,8914 

>9119 

.9053 

.8342 

1*0661 

1.0197 


1.5 00 

.1285+09 

.937 8 

I .6 96 5 

.75 + ? 

. ?4c ft 

. 570 7 

,43 7 8 

.8711 

.9082 

.9061 

.8275 

1.0957 

1.0246 

r. . 

1 • 55 0 

. 1795+09 

.98*1 

1 . 69^4 

.7435 

,?796 

.55+6 

.4147 

• 8501 

.9046 

.90 73 

.8211 

1.1059 

1.0300 


1.600 

« 129E+09 

.9338 

1,6967 

,7323 

.2139 

.5389 

.39*2 

,8 285 

.9011 

.90 90 

.8148 

1*1165 

1.0359 

t • 

1.65 0 

.1295+09 

• 93 39 

1.6960 

.7223 

.1990 

.5236 

. 3804 

.8067 

.8977 

,9114 

.80 86 

1.1278 

1.0424 

t. 

1.70 0 

.1295+09 

.9879 

1,6 95 9 

.7119 

.1852 

.5087 

.3644 

.7846 

.8943 

.9142 

.9027 

1.1397 

1. 0495 

* - 

1.750 

. 1+9E+09 

.9879 

1 .696 7 

.7017 

.17?* 

.494? 

.3490 

.7624 

,8911 

.9175 

. 7969 

1.1522 

1*0571 

» 

1 . 6 n 0 

.1295+99 

,98*9 

1.6965 

.6916 

.1603 

.4901 

.3342 

.7402 

.8879 

.9213 

.791? 

1.1651 

1.0651 


1.8 50 

; .1295+09 

♦ 93 40 

1 .6964 

.6 817 

. 1 492 

.4 665 

.3201 

*7183 

■ .8 048 

.9258 

.7857 

1.1790 

1.0740 

[ . 

1.900 

.1295+09 

.9840 

1.6962 

.6*20 

.1389 

,4532 

.3065 

*6 964 

.8818 

.9305 

.7804 

1.1929 

1.0831 

y 

1 . 95 0 

* 12 95 + D 9 

• 9 84 1 

1.6951 

.&6?4 

.1?9? 

.4404 

*?9*7 

,6750 

.8789 

• 9360 

.7753 

1,2079 

1.0931 


P.OPO 

.1295+09 

.9341 

1,6950 

.6530 

.1203 

.4? 79 

,2813 

.6537 

. B*6 0 

.9416 

.77 03 

1.2230 

1.1031 


i- 

i 

I 


TA8L- I. 4EAL-GAS ISENTPOPIC EXPANSIONS OF PAPAHVDFOGEN 

C, <CONTINUEO> 


MACH 

LOCAL ISENTPOPIC 
EX D ANSION COEFF, 

viscosity 

G/CM-S5C 

TH5PMAL CONDUCTIVITY 

cal/cm-sec-k 

PPANOTL 

NUMBER 

0 .000 

I 

.307975-04 

.738455-04 

.7120 

.050 

1.6930 

• FO783E-04 

.737885-04 

.7121 

.too 

1.6516 

• 30 737E-04 

.736155-04 

.7122 

.150 

1.6734 

.? 06635-0 4 

• 73J29E-04 

.7124 

.30 0 

1.6886 

.305605-04 

•72933E-04 

.7126 

.350 

1.6671 

•30429E-04 

.724305-04 

.7129 

.*00 

1.676? 

.30371E-04 

.718365-04 

.7133 

.350 

1.6568 

. 30 0 875-04 

•71126E-04 

.7137 

.400 

1.675? 

. 19879E-04 

.703365-04 

.7141 

• **50 

1.6*17 

.196476-04 

•694635-04 

.7146 

.500 

1.6731 

•1939SE-04 

.685145-04 

.7151 

*550 

1.6757 

.19123E-04 

.674975-04 

.7156 

.600 

1,6661 

•18634E-04 

•66419E-04 

• 7161 

.650 

1.6723 

.185385-04 

• 65289E-04 

.7166 

*700 

1.6753 

,183095-04 

.641145-04 

.7170 

.750 

1.6687 

.1787*6-04 

.629025-04 

.7174 

.800 

1.6730 

.17534E-04 

.616595-04 

.7178 

.850 

1.673(1 

• 171 83E-04 

•60392E-04 

.7180 

.900 

1.6732 

. 16824E-04 

.590395-04 

.7191 

.950 

1.6717 

.16460E-04 

•57671E-04 

.7201 

1.000 

1.6690 

• 160 916-04 

.562965-04 

.7210 

1.050 

1.6717 

. 157156-04 

.549215-04 

.7219 

1*10 0 

1.6664 

* 15346E-04 

.535485-04 

.7227 

1,150 

1.6735 

.149735-0*. 

.521845-04 

.7235 

1 .300 

1.6690 

.146OOE-04 

.508315-04 

.7241 

1.350 

1.6688 

• 14239E-0*. 

.494955-04 

.7247 

1.30 0 

1 • 6687 

.13860E-04 

.481375-04 

.7257 

1.350 

1.5694 

.134955-04 

.467875-04 

.7269 

1.4 on 

1.6686 

.13134E-04 

• 45455E-04 

.7280 

1 .450 

1.6695 

.12*7 86- 04 

.44154E-04 

.7290 

1.500 

1.6693 

.134376-04 

.428765-04 

.7300 

1,550 

1.6686 

.130815-0** 

.416255-04 

.7310 

1 .600 

1.6668 

.117426-04 

.<*04035-04 

.7318 

1.650 

1,6690 

•114095-04 

•39311E-04 

.7326 

1 .700 

1.6686 

. 11083E-O4 

.380515-04 

.7333 

1.750 

1.6579 

. 107655-04 

.37Q79E-04 

.7308 

1.800 

1.6665 

.104535-04 

.363675-04 

.7234 

1 .850 

1.6706 

.10149E-04 

.356 60E-04 

,7158 

1 .800 

1 , 66*. 7 

.985175-05 

•350 1*5-04 

• 7060 

1,950 

1.6705 

•9562 3E-05 

• 34377E-04 

.6999 

? , 0 00 

1 . 6642 

« 938O4E-05 

• 33760E- 04 

.6916 


ORIGINAL PAGE £3 
OF POOR QUALITY 


TAiUz I. FEAL-GAS TSENfRaPfC EXPANSIONS OF PAPAHVCPO&EN 


:: 


D. TT 

* 60.0 K 

PT — 

1.0 ATM 

PHOT = 

t PACh 

PE/H 

7 

CP /TV 

S V/SV7 

P/FT 

T/TT 

; o.ono 

0 . 

.9954 

1 . 6467 

1. 0000 

1.0000 

1.0000 

L * 05 0 

.453E+07 

.9954 

1 .6464 

.9996 

.9979 

.999? 

i *100 

.90 3E+0 7 

. 9954 

1.6488 

.9986 

.9918 

• 9968 

r *15 0 

• 135E + B fl 

.9954 

1.6**95 

.9968 

,9818 

.9929 

y ' .?oo 

.178E+03 

.9954 

1.6506 

.9943 

. 96 T 9 

. 9ft7u 

l .25 0 

• 221 E + 0 8 

.9954 

t .6518 

.9911 

.9503 

.9804 

r .,30 0 

,263E*08 

.9953 

1.6533 

.98 7,3 

.9296 

.9719 

l . .35 0 

.3031408 

.995,3 

1.6550 

. 9627 

• 906B 

.9621 

.40(1 

*341E>08 

.9953 

t .6568 

.9775 

.8793 

.95 1 0 

i .*.5 0 

.37 BE *0 9 

,9952 

1.6586 

,9717 

.8505 

,9387 

y .so o 

.4125+08 

.9952 

1.6606 

.9652 

.8199 

.9252 

l *550 

•445E+48 

.9951 

1.6625 

. 9581 

.7878 

.9107 

| .600 

.476E*08 

,9951 

1.6644 

*9505 

. 75w3 

.8957 

i .65 0 

.5045*08 

.9950 

1*6662 

,9*23 

*>*04 

.#791 

>: .700 

.531E*08 

.9950 

1 .P 680 

.9337 

.686 0 

■ 8622 

.750 

.5555*08 

.9949 

1 .6696 

.9246 

.6515 

.8448 

. .800 

.5775*08 

.9949 

1.6710 

.9150 

,6172 

.8268 

; .850 

.5975*08 

.9948 

1 .£ T ?3 

.9051 

. 5834 

,8085 

| .90 0 

i ' _ _ . 

. 6 ! 55*0 8 

.9948 

1.6735 

, 8950 

.5503 

.7899 

| .95 0 

.6315*08 

.9947 

1 .6744 

.8845 

.5182 

.7712 

f 1.000 

.6465+08 

.9947 

1.6753 

.873 8 

.4871 

*7524 

\ 1.050 

.6585*0 8 

* 9946 

1 .6/69 

* 8629 

.4570 

.7335 

Y 1.100 

•669E+08 

.9946 

1.6765 

.8519 

.*.264 

.714 8 

t 1.150 

.6796*08 

.9945 

1.676 9 

.3403 

.-.010 

.6961 

| 1.200 

.6875+08 

.99 *.5 

1.677 2 

* 8296 

.37*9 

.6777 

l 1.250 

.6945*08 

*9945 

1.6 775 

.8184 

.3502 

.6595 

it *30 0 

.6995+08 

.994^ 

1.6776 

.80,77 

.3269 

• 6415 

H *359 

•703E+08 

.9944 

1,6777 

.7961 

,3049 

.6239 

1 1*400 

.7875+08 

*9944; 

1.6773 

.7849 

.2842 

• 60 6 6 

| 1 »^5 0 

.70 9€*0 8 

.9944 

1 .6773 

.77 39 

.2648 

.5 8 96 

[1.500 

.71 05*0 8 

,99h3 

1.6773 

.7629 

.’466 

.5731 

It *550 

.71 IE +0 8 

.99*3 

t ,67?a 

.7521 

.2245 

• 5564 

FI. 600 

.7115*08 

.9943 

1.6773 

.7413 

.2136 

• 5411 

|;1 . 65 0 

.7115*08 

.9943 

1.6777 

.7307 

.1988 

.5258 

il *70 0 

•710F+08 

.9943 

1.6777 

.720’ 

.1850 

.5108 

11.750 

.7085*08 

.9943 

1 .6776 

.70 99 

. T7?l 

.4963 

1 1.800 

.7065 + 08 

.9943 

1.6776 

.6997 

.1602 

.48?? 

1 1.65 0 

.7035*08 

.9942 

1.6775 

.6897 

.1490 

.4685 

U.900 

.7005*08 

.9942 

1*6774 

.6798 

,1387 

.4552 

fl *950 

.6975+0-8 

. 994? 

1.6774 

.6701 

.1?91 

.4 423 

[2.000 

.6945+08 

.994? 

1*6 777: 

.6606 

.1202 

,4293 


.411E-03 G/CM3 SVf * 635. 721 N/StC 


RHO/RHOT 

A+/A 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A*/ A 




TO IDE At 

60S VALUES 


1.0000 

0.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

.9987 

.0882 

.9999 

.9997 

. 9997 

1.0000 

1.0221 

.9950 

.1755 

.9996 

.9906 

.9988 

1.0060 

1.0210 

.9889 

* ?61 2 

.9990 

.9974 

*9973 

1.0 001 

1.0214 

,9804 

.3444 

.9983 

.9953 

.9953 

1*0001 

1.0286 

• 969.4 

.4243 

.9973 

.9926 

.9926 

1.0000 

1.0195 

. 9565 

• 5005 

.9961 

.9895 

.9694 

1.000? 

1.0105 

.9416 

.5771 

.9947 

.9859 

.9857 

1.0003 

1.0172 

• 1 8 

.6388 

.9931 

.9818 

• 9014 

1.0006 

1.0157 

,9063 

.7000 

.9912 

.9773 

.9767 

1.8009 

1.0141 

. * 8 864 

,7556 

• 9890 

.9726 

.9715 

1.0014 

1.0125 

.8653 

.8055 

.9867 

. % 7c 

.9658 

1*0022 

1.0108 

«84’8 

.8491 

.9841 

.962? 

.9598 

1.0028 

1.0009 

• 61 98 

.8870 

.9813 

.95 69 

.9534 

1,0041 

1.0073 

. 7460 

.9190 

.9784 

.9515 

.9467 

1.1056 

1.0057 

• T7l b 

.9451 

.9752 

.9461 

*9398 

1.0072 

£.0041 

• 7469 

.9658 

.9718 

.9406 

.9326 

1.0093 

1.0027 

.72’B 

.9817 

.9683 

• 9356 

• 9253 

1.0117 

1.0015 

.6971 

.9918 

.9647 

.9307 

.9179 

1.0146 

1.0006 

.6724 

.9980 

.9610 

.9262 

.9104 

1.0181 

1.0002 

*6+79 

1.0000 

.9572 

.9220 

.9026 

1.0220 

1.0000 

• 6?76 

.9980 

.9533 

.9100 

. 6953 

1,0262 

1.0001 

.5998 

.9929 

.9494 

.9146 

• 0878 

1.0311 

1.9000 

*6766 

.9848 

*9*55 

.9118 

.88 03 

1.0367 

1.0020 

.5537 

.9736 

• 9416 

.9091 

.8729 

1.0425 

1.0034 

.6-516 

.9697 

.9376 

.9072 

• 8656 

1.0492 

1.0457 

.5100 

.9455 

.9338 

.9057 

.8504 

1.0562 

1*0082 

• 4892 

.9288 

.9299 

.9049 

.6513 

1.0640 

1.8114 

.4691 

.9105 

.9261 

.9045 

.8444 

1.0723 

1*0152 

.4495 

.8910 

.9224 

.9045 

.8376 

1.0810 

1*0193 

.410 T 

*8707 

.9187 

.9052 

• 0310 

1.0905 

1.0241 

.4127 

.84 97 

.9151 

.9064 

.8245 

1.1006 

1*0295 

,3953 

.8282 

.9115 

*9081 

.8162 

1.1112 

1.0354 

,378b 

.8063 

.9081 

.9104 

*6120 

1.1224 

1*0419 

• 36’b 

.784? 

.9047 

.9131 

.8061 

1.1342 

1.0490 

*3477 

.7620 

.9014 

.9164 

.800? 

1.1465 

1.0565 

,332b 

.7399 

.8982 

*9203 

.7946 

1.1595 

1.0647 

• 31 85 

.7179 

.6951 

.9245 

.7891 

1.1730 

1.0733 

.3058 

.6960 

.6921 

.9293 

.7838 

1.1870 

1.0024 

,292’ 

.6+45 

.8891 

.9347 

♦ 7787 

1.2018 

1.0923 

* 261 0 

.6534 

.8862 

.9404 

.7737 

1.2170 

1.1025 


tAPLl 


X. REAL-GAS TSENTPOPIC EXPANSIONS OP PARAHYCROGEN 


f- 

!. •' ' 

lc:-. ' 

f . ’ • 


MACH 

LOCAL ISFNTROPIC 

0. CCONTlNUeo* 
VISCOSITY 

THERMAL CONDUCTIVITY 

PRANDTL 




EXPANSION C05FF. 

G/CM-SEC 

CAL/CM-SEC-K 

NUMBER 



0.000 

I 

.288436-04 

. 107895-9 x 

• 6847 



.050 

1.6379 

.288255-04 

.107805-03 

• 6847 

I'! '' ■ ’ 


.100 

1.6426 

.28771E-04 

•107546-03 

.6847 



.150 

1.6487 

•28681E-04 

.107115-03 

• 6849 



. 200 

1.6401 

•285565-04 

.106516-03 

.6850 



.250 

1.6379 

.283975-04 

.105755-03 

• 6853 



.300 

1.6473 

.262045-04 

•104646-03 

.6856 

? 


.350 

1.6465 

.279785-04 

.103775-03 

.6860 



.400 

1.6477 

. 27722E-04 

•102565-03 

.6866 



• 450 

1*6485 

.27436E-04 

.101215-03 

.6873 

h ' 


.500 

1.6526 

.271225-9* 

.994425-94 

• 6902 

P; •' . ■ 


• 550 

1.6564 

.267835-04 

.979765-04 

.6905 



.600 

1.6507 

.264205-04 

.964175-04 

.6909 



.650 

1.6610 

.260 355-04 

• 94776E-04 

• 6914 

[■ '■• •• ■ 


.200 

1.6597 

.25630E-O4 

.930685-94 

.6928 

! ' 


.'250 

1.6591 

.25208E-04 

.913025-04 

.6927 

< 


.800 

1.6611 

.247715-04 

•694085-04 

.6935 

•• 


.850 

1.6624 

.243225-04 

.876305-04 

.6944 

f 


.900 

1.6638 

.230625-04 

.057625-04 

.6954 



.950 

1.6676 

• 23393E-0*. 

.030435-04 

.6966 

; ' 


1.000 

1.6659 

.229185-04 

•019125-04 

• 6980 

r 

co 

^ £X , 

1.050 

1.6640 

.224365-04 

.798955-04 

.7801 

U •' 

1 . 100 

1.6679 

.219555-04 

.779915-04 

.7813 

r 

i : 

Cl J 

if u-J 

1.150 

1.6699 

.214715-04 

•761005-04 

• 7026 

[ ; . : 

8 ? 

1.200 

1.6652 

.209865-94 

•742275-04 

.7037 

P; 

. 

1.250 

1.6699 

• 205035-0* 

•723765-04 

• 7049 

j; 

t* 

t.300 

1.6665 

•200225-04 

.705566-04 

• 7059 

l 

L- ■ ■ 

1.350 

1 . 6702 

.195445-04 

.687585-04 

.7069 

i 

o ; 

1.400 

1.66 86 

.190715-04 

•66992E-04 

.7079 

[ ' ' 

. ^ 

1 . 450 

1.6657 

• 106036-04 

•652635-04 

• 7087 

F 

K&) 

1.500 

1.6693 

•181405-04 

•635715-04 

.7093 

f- ' 


1.550 

1.6660 

•176045-04 

•619205-04 

.7099 

1 . 


1.600 

1.666? 

.172355-04 

•603095-04 

.7183 

V, 


1.650 

1.6686 

.167935-04 

•58664E-94 

• 7114 

17 '• : 

i\ 


1.700 

1.6679 

.163595-04 

•570355-04 

.7128 

£■ 


1.750 

1.6672 

.159335-04 

. 55451E-04 

.7148 

l- ■ ! \ 


1.600 

1.6689 

.155165-04 

.539115-04 

.7151 



1.850 

1.6665 

.151075-84 

.524165-84 

• 7160 

t' ' •: 


1.900 

1.6667 

.147075-04 

•509665-04 

• 7169 

V;' 


1.950 

1.6692 

.143155-04 

*495605- 04 

.7175 

i 


2.000 

1.6670 

.139335-04 

•481666-04 

.7185 


TABLE I. REAL-GAS rSENTROPTC EXPANSIONS OF PARAHTDROG£N 




E. TT 

= 80.0 K 

PT = 

1.0 ATM 

PHOT - 

MACH 

»E/M 

2 

CP 'CV 

SY/SVT 

P/PT 

T/TT 

0,00 0 

0. 

.9936 

1,5469 

1.0000 

1.0000 

1.0000 

.050 

.3065*07 

.9935 

1 .5492 

*9993 

.9961 

.9993 

• 100 

.6105*07 

.9995 

1.5501 

.9990 

. 9923 

.9973 

• 15 0 

• 91 OE *0 7 

.99 95 

1.551 6 

. 9978 

.98+6 

.99+9 

,200 

.1?1E*<1* 

.9985 

1.5536 

.9960 

.9696 

.9892 

.250 

.1495*08 

.9985 

1.5562 

.9938 

.9530 

.9831 

.300 

,177E*06 

.9965 

1.5593 

.9910 

.9331 

.9758 

.350 

. 2945*0 6 

.9965 

1,5630 

.9878 

.9103 

.967+ 

.too 

2T0E+O 8 

*9934 

1.567? 

.9840 

.8847 

.957+ 

.4 50 

•2555+08 

.9934 

1.5718 

.9793 

.8569 

.9463 

.580 

. 2785+0 8 

.9934 

1,5+6 9 

.9750 

.8268 

.9342 

.550 

.30 onto 8 

.998 3 

1,5824 

.9697 

.7952 

.9210 

.600 

•3205*08 

* 998 3 

1.688? 

.9640 

.7623 

.9868 

,65 0 

.3+95*0 8 

.9992 

1.5942 

.95 7+ 

* 7292 

.8916 

.708 

.357E*08 

.9982 

1.6004 

.9508 

.6938 

.8756 

.750 

.3735*08 

.9982 

1.6067 

.9435 

.6589 

.6589 

.600 

.3675+os, 

,9981 

1.6131 

.935 + 

.6+41 

.8415 

.850 

.4015+08 

.9981 

1,6193 

.9275 

.5897 

.8236 

.90 0 

,4l2r+08 

.9980 

1.6253 

,9187 

• 5559 

.80S? 

.95 0 

•4?2E*08 

,998 0 

1.6+11 

.9096 

.5228 

*7865 

1.000 

.431 £+08 

.997 9 

1.6366 

.9000 

.4906 

.7676 

1 .050 

.4+95*08 

.9979 

1 .6417 

,8901 

.4601 

.7485 

1.100 

.44 62+0 8 

.99+9 

1.6463 

,8799 

.6306 

.729* 

1.150 

.4516*08 

.9978 

1,6505 

.8694 

.4025 

,7104 

1.200 

. 4* 6E+0 8 

.9976 

1 .6541 

,8587 

.3758 

.6915 

1.25 0 

• 459E + 0 8 

.9978 

1.6574 

,8+78 

.35*5 

,6728 

3,300 

.462£*08 

.9977 

1 .6601 

.8363 

. + 768 

.6544 

1.350 

.4645+08 

.9977 

1.6625 

,8257 

.3044 

.6363 

l.<*80 

.465E+08 

.9977 

1.6645 

.8145 

.2 334 

.6185 

i.tso 

.4665+08 

.9976 

1.6661 

,8033 

.2638 

.6011 

i.5no 

» 4665*0 8 

.9976 

1,6674 

.7922 

.2455 

.5841 

1.550 

.4665*08 

.9976 

1.6685 

.7811 

.2283 

.5675 

1.600 

,4655+08 

.9975 

1.6693 

.7701 

.2124 

.5514 

1.650 

.4635+06 

.9975 

1,6700 

.7591 

.1976 

.5356 

1.700 

.462E+08 

.9975 

1 .6705 

.7483 

.18+7 

.520 + 

1.750 

.4605+08 

,9975 

1.670 9 

.7376 

.1709 

.5055 

1.60 0 

.4585+06 

.9975 

1.6711 

= 7271 

*1590 

.4911 

1.650 

•455E+D6 

.9974 

1,6713 

.7167 

.1479 

.4771 

1.90 0 

•4525*08 

.9974 

1.6715 

,7065 

.1376 

.6636 

1.950 

.4505+08 

.9974 

1.6716 

.6964 

.1261 

• 4506 

2.000 

.4465*08 

,9974 

1.6+16 

.6365 

.1192 

.4377 


*3065-03 G/CM3 SVT * 713.635 H/SCC 


RHO/RHOT 

AVI 

SO/SWT 

P/PT 
-PEL ATI VC 

T/TT 
TO IDEAL 

RHO/RHOT 
GAS VALUES 

A+/A 

1.0000 

0.0000 

1.0000 

1.0000 

1.0000 

1.8000 

1. MOO 

.9968 

.0867 

1.0000 

. 9998 

• 9998 

1.0800 

1.0049 

.9958 

.1726 

1.0000 

.9993 

.9993 

1.0000 

1.0049 

• 9889 

.2570 

1.0000 

.9964 

.9984 

1.0000 

1.0050 

.9603 

.3391 

1.0000 

.9971 

.9971 

1.0000 

1.0049 

.9695 

.4163 

1.0000 

.9954 

• 9954 

1.0000 

1.0849 

.9564 

.4938 

.9999 

.9933 

.9933 

1.0000 

1.0048 

.9413 

.5651 

.9998 

.9908 

*9909 

1.0000 

1.0048 

.924+ 

.6317 

.9997 

.9876 

.9880 

1.0000 

1.0045 

,9056 

.6934 

.9994 

.9846 

.9846 

1.0001 

1.0044 

.8853 

.7494 

.9991 

.9606 

.9809 

1.0001 

1.0041 

,8637 

.7999 

.9986 

.9767 

.9767 

1.0003 

1*0038 

.8409 

.8445 

.9981 

,9723 

.9720 

1.0005 

1.0035 

.8170 

.8831 

.9973 

.9673 

.9670 

1.0007 

1.0829 

.7926 

.9161 

.9964 

.9624 

.9614 

1.0013 

1,8026 

• 767* 

.9430 

.995 2 

.9569 

.9555 

1.0018 

1.0819 

.7420 

>9645 

.9938 

.9514 

.9492 

1.0027 

1.I014 

.7164 

.9807 

.9922 

.9456 

• 9426 

1.0039 

1.8009 

.6907 

.9917 

.9904 

.9402 

.9357 

1.0053 

1.1005 

.6651 

.9980 

.9883 

.9345 

.9205 

1.0970 

1.0091 

• 6396 

1.0000 

.9859 

.9291 

.9211 

1.0093 

1.0000 

.6151 

.9982 

.9834 

.9241 

.9136 

1.0122 

1.0002 

.5907 

.9927 

• 9806 

.9193 

.9060 

1.0154 

1.0806 

.5670 

.9843 

,9776 

.9151 

. 8903 

1.0194 

1.1015 

.5438 

.9730 

.9745 

.9112 

.8907 

1.0230 

1.0027 

.5213 

.9594 

.9713 

.9079 

.8831 

1.0289 

1.0043 

.4997 

• 9449 

.9679 

• 9053 

• 8756 

1.0349 

1*0066 

.4788 

.9267 

.9645 

.9032 

• 8682 

1.0413 

1.0092 

.4587 

.9062 

.9610 

.9019 

.8609 

1.0486 

1.0126 

. + 39+ 

.8865 

.9575 

.9011 

.8539 

1.0563 

1.0164 

.4207 

.6660 

.9539 

.9011 

.6469 

1.0650 

1.0209 

.40 2 7 

• 6467 

.9504 

.9015 

.8402 

1.8741 

1.0258 

.3856 

.8251 

.9469 

• 9028 

.8336 

1.1840 

1.0315 

.3692 

.8031 

.9434 

.9046 

.8273 

1.0946 

1.0378 

.+535 

.7809 

.9400 

.9070 

.8211 

1.1057 

1.0645 

.3384 

.7587 

.9367 

.9099 

• 8151 

1.1175 

1.0519 

.3241 

.7365 

.9334 

.9134 

.6093 

1.1298 

1.0598 

.3103 

.7145 

.9302 

.9175 

.6037 

1.1429 

1.0683 

.29+3 

.6929 

.9271 

.9223 

.7983 

1.1567 

1.8776 

.2847 

.6714 

.9240 

.9274 

.7930 

1.1798 

1.0872 

.2727 

.6503 

.9211 

.9331 

.7879 

1.1656 

1.0974 


TA&Lf T. REAL-GAS ISENTPOPIC EXPANSIONS OP PARAMYDPO&eN 




E. <CONTINUED* 



MACH 

LOCAL ISENTROPIC 

VISCOSITY 

THERMAL CONDUCTIVITY 

PRANOTL 


rVOANSrON CO EPF • 

G/CM-SEC 

CAL/CM-SEC-K 

NUMBER 

O.OfTI 

I 

.7585IE-04 

.145076-03 

.6952 

.050 

1.5471 

,75632E*04 

.144956-03 

• 6952 

♦ ion 

1.5517 

.357786-04 

. 14457E-03 

• 6953 

• 150 

1.5493 

.356876-04 

• 14395E-03 

• 6953 

• 200 

1.5486 

.35560E-04 

• 1430 8E-03 

• 6953 

.250 

1.5536 

•35S98E-84 

•141976-03 

*6955 

• MOO 

1.5539 

•35200E-04 

• 14063E-03 

• 6956 

.350 

1.5592 

.349676-04 

.139226*03 

• 6951 

.400 

1.5597 

•34701E-04 

. 13776E-03 

•6938 

.450 

1.5697 

.344006-04 

.136126-03 

.6924 

*500 

1.5700 

.34068E-04 

•13431E-03 

• 6910 

.550 

1.5782 

.33704E-04 

• 13234E-03 

• 6896 

.600 

1.5830 

.333106-04 

•130226-03 

• 6883 

.650 

1.5857 

.326686-04 

•127966-03 

•ears 

.700 

1.5*87 

.374396-84 

• 12558E-03 

.6860 

.750 

1.3987 

•31965E-04 

.123086-03 

.6651 

♦ BOO 

1.6072 

•71469E-04 

.12049E-03 

• 6645 

.850 

1.6141 

.309526-04 

. 11786E-03 

• 6639 

.900 

1.6200 

•30419E-84 

. 11522E-03 

.6834 

.950 

1.6228 

*298706-04 

. 11253E-03 

• 6831 

1.000 

1 • 6306 

•29309E-04 

. 10980E-03 

• 6833 

1.050 

1.6374 

.287396-04 

•107056-03 

.6636 

1.100 

1.6389 

.2S162E-04 

•10430E-03 

• 6847 

t.150 

1.6468 

.275806-04 

•101556-03 

• 6868 

1.200 

1.6471 

.26996E-04 

•98690E-04 

• 6685 

1.250 

1.6598 

•26412E-04 

•961826-04 

.6691 

1.300 

1.6570 

•25829E-04 

• 93709E-04 

•6699 

1.359 

1.656! 

•25250E-04 

•912786-04 

• 6908 

1.400 

1.6614 

.246766-04 

.888956-04 

.6919 

1.450 

1.6601 

•24107E-04 

.865626-04 

• 6931 

1 . 500 

1.6647 

.23544E-04 

•842736-04 

.6944 

1.550 

1.6613 

•22990E-04 

.820236-04 

• 6960 

1.600 

1.6664 

.224436-04 

.797926-04 

.6976 

1.650 

1.6665 

.219066-04 

.776776-04 

.6992 

1.700 

1.6651 

•21377E-04 

•75622E-04 

.7805 

1.750 

1.6656 

. 208586-04 

.736256-04 

• 7616 

l.nno 

1.6663 

• 20346E-04 

.716866-04 

.7029 

1.050 

1.6670 

. 19849E-04 

• 6980 4E-04 

.7040 

1*900 

1.6697 

•19360E-04 

.679»;*-04 

•7050 

1.950 

1.6660 

• 10880E-04 

•66191E-04 

.7060 

?• ono 

1.6672 

. 16411E-04 

•644696-04 

• 7067 






TACL5 I. RIAL-GAS TS5NTRQPTC EXPANSIONS OF PARAHYDROGEN 





r . TT 

= 100.0 K 

PT - 

1,0 atm 

RM0T = 

.2465-03 

G/CW3 

SWT = 772 

.508 H/SEC 





MACH 

RE/M 

7 

cp/cv 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A*/A 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A* /A 











1 

• 

1 

» 

t 

RELATIVE TO 

IDEAL 

GAS VALUES 



0.0 0 0 

0. 

.«997 

1.4478 

1.0003 

1.0000 

1.0000 

1,1)000 

0.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

t 

.050 

.2255*0 7 

.9997 

1.4480 

.9999 

.9962 

.9994 

.9987 

.0657 

1.0000 

. 9999 

.9999 

1.0000 

.9931 

( 

.100 

.4485+0? 

.9997 

1*4487 

.999? 

.9928 

» 9978 

.9950 

.1706 

1.0002 

.9998 

.9998 

1,0900 

.9933 

S'. 

.150 

,6695+07 

, 9997 

1 .4499 

. 998* 

.9838 

.9950 

.9888 

.2540 

1.0004 

.9994 

.9995 

• 9999 

.9934 

1 

.200 

.8865*07 

.9997- 

1.4515 

.9968 

.9716 

.9911 

.9803 

. 3354 

1.0006 

.9991 

.9990 

1.8000 

.9939 

t. 

.25 0 

,1105*08 

. 9997 : 

1.4536 

.9950 

*9560 

.9861 

.9694 

.4136 

1.0012 

.9964 

.9965 

1.0000 

.9943 

f: 

.300 

,130E*D8 

.9997 

1.4562 

,9928 

.9372 

,9801 

.9563 

.4887 

1.0017 

.9975 

.9977 

.9999 

.9946 


.35f! 

.1505*08 

.9997 

1 .459 3 

.9982 

• 91E 7 

.9730 

,9412 

.5598 

1,0023 

. 9966 

* c '968 

.9999 

.9953 

£ 

.40 0 

.1695*08 

.9996 

1*4629 

. 90,73 

,8915 

,9648 

,9241 

.6262 

1.0029 

.9954 

.9957 

.9998 

• 9956 

t 

£ 

.450 

.1865*08 

.9996 

1.4671 

. 9839 

.86+9 

.9556 

.9052 

.6678 

1.0037 

.9939 

.9943 

• 9996 

.9963 

£• 

i 

.5 00 

.2035*08 

,9996 

1.4717 

.9802 

,836s 

.9455 

.8847 

.7441 

1.0044 

.9921 

,9927 

.9995 

.9970 

\ 

.55 0 

.2195*0 8 

,9996 

1.4769 

.9761 

.8060 

.934* 

.86*8 

.7948 

1.0052 

.9699 

.9906 

.9992 

.9975 

l 

.60 0 

. 2345*0 8 

.9995 

1.4 827 

.9716 

.7741 

,9222 

,8396 

.6399 

1.0060 

.9874 

. 9666 

.9989 

.9980 

. 

.65 0 

,2475+08 

.9995 

1.4891 

.9668 

. 7412 

.9993 

.8153 

.8792 

1.0068 

.9645 

.9*61 

,9986 

.9965 

6. 

.70 0 

.2605*08 

,9995 

1.4960 

,9616 

.7975 

.8954 

.7903 

.9129 

1.0076 

.9613 

.9831 

.9964 

.9991 

i 

.75 0 

.2715*08 

.9994 

1.5034 

.9560 

.6 731 

.8807 

,7644 

.9406 

1.0084 

.9775 

.9796 

.9979 

.9993 

i 

t,-. 

.80 0 

.2815*08 

, 9994 

1 .5114 

.9501 

.6385 

.8653 

.7382 

.9628 

1.0091 

.9733 

.9760 

.9975 

.9996 

1 

.85 0 

2905*0 8 

.9994 

1,5198 

• 9*»38 

.6040 

.8491 

*7116 

.9795 

1.0097 

.9687 

.9716 

,9971 

.9998 

l 

*98 0 

.2975*08 

.9993 

1.5288 

.9371 

.5696 

.8323 

,6849 

.9912 

1.0101 

. 9637 

,9671 

.9969 

1.0000 

I:' 

.950 

.3045*08 

.9993 

1 .5381 

.9300 

.5361 

,6149 

.6562 

.9979 

1.0105 

.9563 

.9620 

.9966 

1.0000 

1 

l.PPO 

.3105*08 

.999 3 

1.5477 

.9*26 

.5032 

.7970 

.6316 

1.0000 

1.0106 

.9525 

.9564 

.9964 

1.0008 

f 1 -'. 

i 

1.050 

.3155*0 8 

.9994 

1,5575 

.9148 

.4712 

.7786 

,6055 

.9979 

1.0106 

.9464 

.9503 

.9964 

i.oeoD 

t 

l, 

1.100 

.3195*0 8 

.9992 

1.5674 

.9066 

,4404 

*7600 

.5799 

.9923 

1.0103 

.9404 

.9439 

.9969 

1.0002 

L 

1.150 

,3225*08 

.9992 

1 ,5773 

.8980 

.4108 

.7410 

.5547 

.9831 

1.0098 

.9341 

.9370 

.9974 

1.0002 


1.200 

.3245*08 

.9991 

1.5870 

.8691 

.3827 

.7220 

.5304 

.9711 

1.0090 

.9261 

• 9299 

.9966 

1.0006 

r 

1.250 

.3265*08 

.9991 

1.5964 

,8798 

.3560 

.7029 

*5068 

.9564 

1.0079 

.9221 

.9225 

1.0002 

1.0011 

1 

1 .30 0 

,3275*08 

.9991 

1.6054 

.8702 

.3308 

.6838 

*4641 

*9397 

1.0066 

.9165 

.9149 

1.0024 

1.0020 

it 

1*350 

.3275*08 

.9990 

1.6138 

. 8603 

.3071 

.6649 

.4622 

.9212 

1.0049 

.9114 

.9072 

1.0053 

1.0032 

l 

l.**00 

.3275*08 

,9990 

1.6216 

.8501 

.2850 

.6462 

*4413 

.9013 

1.0030 

.9066 

.8995 

1.0068 

1.0049 


1.450 

.3275*08 

.9990 

1 .6288 

.8395 

• 26<** 

Y627.fi 

,4213 

.8604 

1.0009 

.9830 

.8916 

1.0133 

1.0072 


1.500 

.3265*08 

. 9990 

1.635? 

.8292 

.2451 

,6998 

,4023 

.8566 

.9985 

.6998 

.6842 

1,0184 

1.0099 

V'-' 

1.55 0 

.3255*08 

.9989 

1.6408 

.8186 

.2273 

.5922 

.3841 

.6363 

.9960 

.8974 

.8767 

1.0244 

1.0133 

Sr_ 

1.60 0 

.3245*08 

.9989 

1.6458 

, 8076 

.2108 

.5750 

.3669 

.8138 

.9933 

.8960 

.8694 

1.0315 

1.0175 


1.650 

. 322 r *08 

.9989 

1 .6501 

.7970 

.1955 

.5503 

*7505 

.7910 

.9905 

.8953 

.6623 

1.0391 

1.0221 

1 

1.70 0 

,3/flr+os 

. 9969 

1.6537 

.786? 

.1814 

,54*1 

,3344 

.7662 

.9676 

.8954 

.6554 

1.0477 

1.0275 


1.75 0 

.31 85*08 

.9989 

1*6568 

.7754 

. 1684 

.5263 

.3202 

.7456 

• 9846 

.8964 

.6467 

1.0572 

1.0337 

'i 

1.800 

.31 65*08 

.9988 

1.6594 

. 7647 

.1563 

.5111 

.3061 

.7231 

.9816 

.6982 

• 6423 

1.0673 

1.0405 

jj 

1.850 

.3145*08 

.9988 

1.6615 

.75+0 

.1452 

.4963 

.2926 

.7010 

,9786 

.9009 

.8361 

1.0765 

1.8461 

<- 

1.900 

.3115*08 

.9988 

1.6637 

. 7435 

.1349 

,4621 

.280* 

.6791 

- : ,9756 

.9041 

.8301 

1.0902 

1.0562 

f 

1.95 0 

.3095*08 

.9988 

1.6646 

.7330 

.1254 

.4683 

,2681 

.6577 

.,9726 

.9082 

. 8244 

1.1027 

1.0651 

1 

2.000 

.3065*08 

.9988 

1.6657 

.7227 

.1167 

.4549 

.2567 

.6367 

9&4; 

.9128 

.8166 

1.1157 

1.0744 


TflpL c I. REAL -GAS TS'NTPOPIC EXPANSIONS OF PARAHYCROG6N 

F. (CONTINUED.! 


MACH 

LOCAL ISENTROPIC 

VISCOSITY 

THERMAL CONDUCTIVITY 

PRANDTL 


EXPANSION COEFF, 

G/CM-SEC 

C8L/CM-SEC-K 

NUMBER 

o.nnfl 

I 

.4H160E-64 

.191536-03 

.7065 

.05 IT 

1.4**67 

.42143E-04 

• 191 40E-03 

• 7064 

• too 

1.4516 

.420926-84 

.191006-03 

.7063 

• 15.0 

1.4412 

.42OQ8E-04 

.190346-03 

.7060 

• 200 

1,4578 

•418896-04 

•189416-03 

.7057 

.7*50 

1.4518 

.4173 PE-04 

.188236-03 

• 7053 

• .TOO 

1.4508 

• 41552E-04 

.186786-03 

• 7048 

• 350 

1.4599 

.41334E-64 

.185096-83 

.7042 

.400 

1.4609 

•41083E-04 

.183146-03 

•7035 

*450 

1.4627 

•40799E-04 

.180956-03 

•7028 

.500 

1.4697 

• 404846-04 

.178536-03 

.7020 

.550 

1.4729 

•40136E-04 

.175876-03 

.7012 

.600 

1.4764 

.397586-04 

.172996-03 

•7004 

.650 

1.4851 

•39349E-B4 

•16989E-03 

• 6996 

•TOO 

1.4942 

.38910 £40 4 

.166596-03 

• 6989 

• 750 

1.4969 

.38442E-84 

.163176-03 

.6979 

• 600 

1.5068 

.379466-04 

.159646-03 

• 6968 

• 650 

1,5144 

. 37 423E-04 

.155956-03 

.6958 

.900 

1.5747 

•368756-04 

.152116-03 

.6951 

.950 

1.5372 

•363026-04 

.148136-03 

.6946 

1.000 

1,5410 

.357086-04 

•144046-03 

.6946 

1.050 

1.5506 

.350936-04 

.139856-03 

• 6950 

1.100 

1.5634 

.744616-04 

.136346-03 

.6922 

1 . 150 

1.5697 

. 738146-04 

.132826-03 

• 6895 

1.200 

1.5820 

.T3156E-04 

.129286-03 

.6873 

1.250 

1.5898 

.324886-04 

.125726-03 

,6856 

1.300 

1.5992 

.318156-04 

.122186-03 

.6844 

1 .350 

1,6080 

.711406-04 

.118676-03 

.6837 

1.400 

1.6157 

.304646-04 

.115316-03 

• 6829 

1,450 

1.6249 

•297916-04 

•112016-03 

.6827 

1.500 

1.6293 

•79124E-04 

• 108766-03 

.6830 

1.550 

1.6360 

.78463E-04 

.105606-07 

• 6838 

1.600 

1.6433 

.778126-04 

• 10 750E— 03 

.6850 

1.650 

1.6449 

.771706-04 

.994976-04 

• 6867 

1.700 

1.6493 

.26539E-04 

.966426-04 

.6882 

1.750 

1,6541 

.259216-04 

.940096-04 

•6890 

1.600 

1.6555 

.753146-04 

•91460E-04 

.6899 

1.650 

1.6604 

•24719E-04 

.889926-04 

.6911 

1.900 

1*6598 

.241376-04 

.866056-04 

• 6923 

1.950 

1.6624 

.235686-04 

.842906-04 

.6937 

2.000 

1.6615 

.230176-04 

.820366-04 

• 6952 


31 

I. ' . 

i 

... 

% ■■ 

. i 





, 





* * 


f . ' 
\ - 

ORIGINAL PACK If? 
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Jif ‘ RGOJi QUALITY 











- ■ > 




:Tfl»Lc 

1. 95 

At -GAS 

ISENTPOPIC 

EKPANSI9N 

S OF PAPAHVOPOGEN 





f 


G. TT 

= 200.0 K 

PT = 

1,0 ATM 

RHOT - 

.123E-03 

G/CM3 

SV? *1054. 

285 M/SEC 



MACH 

RE/M 

7 

CP/CV 

SV/SVT 

P/PT 

T/ IT 

RHO/RHOT 

»*/* 

SV/SVT 

P/pT 

; T/TT 

RHO/RHOT 

0+/A 

• ■' ' 









------ RELATIVE 

TO IOEAL 

CAS VALUES— 

\ 0*000 

0. 

1.0007 

1.3458 

1.0000 

1.0000 

1.0000 

1.0009 

0.0000 

: 1*0100 

1.0000 

1.0000 

1.8000 

1.00 CO 

1 .05 0 

. 9485+86 

1.0007 

1.3457 

.9998 

.9982 

.9996 

.9986 

.0059 

1,0000 

,9999 

1*0001 

.9999 

,9951 

l .10 0 

• 189E +0 7 

1.0007 

1.3456 

.9991 

.99* 3 

,998-3 

.9950 

• 1 710 

1,0001 

1.0003 

1*0003 

1.0100 

.9953 

& \v .150 

.282E+07 

t . On 07 

1 .3454 

.9979 

.9050 

.9961 

.9888 

*2545 

1.0002 

1.0006 

1*0006 

l.uJOO 

+ 9954 

1. . .20 0 

•373E+07 

1.0007 

1.3452 

.9963 

.9735 

.9931 

.9803 

* 3359 

1.0003 

1.0011 

1.0011 

1.0000 

.9955 

f .250 

.4615*07 

1.0007 

1.3449 

. 9943 

.9589 

.9993 

.9693 

.4143 

1.0005 

1.0015 

1.0017 

*9998 

.9955 

> .300 

.5465+07 

1.0006 

1.3445 

.9918 

.9416 

.9847 

.9562 

.4893 

1.0007 

1.002? 

’ 1.0024 

.9998 

.9957 

.350 

•627E+07 

1.0006 

1.3440 

.9889 

.9216 

.9793 

.9413 

.5603 

: 1.0010 

1.0033 

1.00 33 

1.0000 

*9962 

{ .400 

• 705E+0 7 

1.0006 

1.3435 

,9856 

.8993 

,9732 

.9242 

.6266 

1.0013 

1.0042 

1.0043 

. 9999 

.9963 

?• *450 

.7775+07 

1.0006 

1.3430 

. 9B19 

.8747 

.9663 

.9052 

.6879 

1*0016 

1.0051 

1*0055 

.9997 

.9965 

1... : .500 

.8455+07 

1.0006 

1.3424 

.9779 

.8483 

.9588 

.8848 

.7440 

1.0020 

1.0063 

1*0068 

.9996 

.9969 

•55 0 

.908E+07 

1.0 no 6 

1.3418 

.9735 

.0204 

.9507 

.8631 

.7947 

1.0825 

1.0076 

1.0002 

.9996 

.9973 

• 600 

■ 965E+0 7 

1.000 5 

1.3412 

.96 87 

.7910 

.9419 

.8399 

,8395 

1.0030 

1.0089 

1.0097 

,9993 

.9975 

.650 

.1025+08 

1.0005 

1.3406 

.9637 

.7607 

.9326 

.8158 

. 8788. 

1.0036 

1.0104 

1.0114 

.9993 

.4980 

.700 

.106E+08 

1.0005 

1.3400 

.9584 

.7294 

.9227 

.7907 

.9122 

1.0042 

1.0118 

1.0131 

.9969 

#9983 

!v .750 

.tiot+da 

1.0005 

1.3395 

.9527 

• 6978 

.9124 

.7650 

.9401 

1,0049 

1.0135 

1.0150 

.9987 

,9968 

; .80 0 

. I14E+0 8 

1,0005 

1.3389 

.9469 

,6660 

.9016 

.7388 

.9625 

1.0057 

1.0152 

1*0170 

.9904 

.9993 

. : .850 

•117E+0B 

1.0004 

1,3.384 

.9408 

.6339 

.8904 

.7121 

.9793 

1.0065 

1.0166 

1.0191 

.9979 

.9995 

.900 

. 119E+08 

1.0004 

1.3380 

.9345 

.6020 

.8785 

.6852 

.9911 

1.0074 

1.0182 

1.0212 

.9973 

.9998 

.95 0 

.1215+08 

1.0004 

1.3377 

.9280 

.5 704 

,8670 

.6581 

.9978 

1.0083 

1.0196 

1.0235 

4 7 j w J 

1.0900 

1.000 

,t23E+ns 

1.0004 

1.3374 

.9214 

.5393 

.854 8 - 

.6311 

1.0000 

1*0094 

1.0209 

1.0258 

.9955 

1,0008 

1.050 

.1245+08 

1.0003 

1.3373 

,9146 

.5008 

.8424 

.6042 

.9978 

'.,0104 

1.0219 

1.0201 

.9943 

• 9999 

1.100 

. 124: +0 8 

1.0003 

1,3374 

,9977 

.4790 

,8297 

.5776 

.9917 

: 1.0116 

1.0227 

1.0305 

,9929 

.9995 

1.150 

.i24-:+oa 

1.0003 

1.3376 

,900* 

.4502 

.8160 

.5514 

.9822 

1.0128 

1,0236 

1.0328 

.9914 

.9993 

1.2Q0 

.1245+08 

i . no o * 

1 .3380 

.8935 

.4223 

.8037 

.5257 

.9647 

1.0141 

1.0241 

1.0352 

, 9097 

.9908 

1.250 

.1245+08 

1.0003 

1.3385 

,8863 

.3954 

.7905 

.5004 

.9534 

1.0154 

1.0242 

1 . 0375 

*9876 

.9980 

! .300 

. 123E + 0 8 

1,000? 

1.3393 

.8790 

.3697 

.7771 

.4759 

.9352 

1.0168 

1.0242 

1.0390 

.9855 

.9972 

1.35 0 

.1215+08 

1.0002 

1.3404 

.8317 

.3450 

.7636 

.4520 

.9147 

1.0183 

1.0238 

1.0420 

.9830 

.9962 

1.40 0 

.1205+08 

1.0002 

1,3417 

.8643 

.3215 

,7501 

.4288 

.8924, 

1.0198 

1 .0231' 

1.0441 

.9804 

.9950 

1.450 

.1185+08 

1.0002 

1.343? 

.8569 

.2991 

.7364 

.4064 

.8684 

1.0213 

1.0218 

1 * 0 4 60 

.9774 

.9934 

1*500 

.1165+08 

1.000? 

1.3453 

. 8495 

• 2+79 

.7226 

.3847 

.8431 

1.0229 

1.0201 

1.0478 

.9741 

.9916 

1.550 

.1145+08 

1.0002 

1,3476 

.84 20 

. 25 77 

.7080 

.3638 

.816 a 

1.0246 

1.0177 

V 1.0494 

.9703 

.9893 

1.600 

• 112E + 0 8 

1.0001 

1.3503 

.8046 

.2388 

.6949 

.3438 

.7894 

1.026? 

1.0148 

1.0507 

.9664 

.9669 

1.650 

.1095+08 

1 .0001 

1,7534 

.8271 

.2209 

.6810 

.3245 

.7616 

1.0279 

1.0114 

1.0516 

.9621 

.9842 

1.700 

.1075+08 

1.0001 

1.3570 

.8197 

.2041 

.6670 

.3062 

.7336 

1.0297 

1.0074 

1.0526 

.9577 

.9813 

t .750 

.1045+08 

1.0001 

1.3611 

.8122 

*1884 

.6531 

.2806 

.7055 

1.0.314 

1*0030 

1.0530 

.9530 

.9762 

1.800 

.1026+08 

1.0001 

1.3656 

.8048 

.1736 

,6390 

.2719 

.6774 

1.0331 

.9978 

1.05 31 

.9400 

.9747 

1.85 0 

.9915+07 

1.0001 

1,3 707 

.7974 

.1599 

• 6250 

,2559 

*649? 

1.0 349 

.9917 

1.0570 

.9425 

.9707 

: ! . 9tJ 0 

.9645+07 

1.0101 

1.3764 

.7900 

.1470 

.6109 

.2408 

.6216 

1.0366 

.9853 

1*0520 

.9372 

.9668 

’.950 

.9375+07 

1,0001 

1,3827 

.7826 

.1351 

,5968 

.2265 

.5943 

1*0384 

.9780 

1.0507 

.9313 

.9624 

2.000 

.91 05 + 07 

1.0001 

1.3896 

.7752 

.1240 

.58 27 

.2129 

,5676 

1.0401 

.9701 

1.0490 

.9254 

.9578 


I 






t 




TABLE I. REAL- 

MACH 

LOCAL I SENT R OP I C 
EXPANSION COEFF. 

o .oon 

I 

• 05 0 

1.3157 

• too 

1 . 3601 

• iso 

1.3462 

.TOO 

1 . 3*61 

.250 

1.341? 

.300 

1.3456 

.350 

1.3498 

.450 

1.3431 

.450 

1.3415 

.500 

1.3*41 

.550 

1.3436 

• 608 

1.3412 

.650 

1.3438 

.TOO 

1.3401 

.750 

1.3417 

• 800 

1.3417 

• 850 

1.3391 

. 900 

1.3400 

.950 

1.3383 

1.000 

1.3375 

1.050 

1.3373 

1 .100 

1.3368 

1 .150 

1.3384 

1 .200 

1.3375 

1.250 

1.3378 

1.300 

1.3400 

1.350 

1.3407 

1.400 

1.3415 

1.450 

1.3426 

1.500 

1 * 3444 

1.550 

1.3456 

1.600 

1 .3490 

1 .650 

1.3518 

1.708 

1.3557 

1.750 

1.3600 

1.809 

1.3636 

1.850 

1.3673 

1.900 

1.3747 

1.950 

1.3793 

P.OtJtS 

1.3860 


I SEN TROPIC EXPANSIONS OF PARAHYOROGEN 
G. ICONTIMJEDI 

VISCOSITY THERMAL CONDUCTIVITY PPANOTL 
G/CM-SEC CAL/CH-SEC-K NUHB6P 


.681 61 E 1 -®** 

.372986-03 

.7022 

•681416-04 

.372906-03 : 

.7022 

•668616-64 

.372666-03 

.7022 

.67 981 £-04 

.372256-03 

• 7022 

•678426-04 

.371696-03 

.7877 

• 676656-04 

.370966-03 

.7022 

.674506-04 

.370096-03 

.7022 

•671996-0 4 

.369076-03 

.7022 

.669126-04 

;* 367916- 03 

.7027 

.665916-04 

.366626-03 

.7821 

•662386-04 

.365206-03 

.7019 

•658536-04 

•363656-03 

.7017 

.654396-04 

.361726-03 

.7019 

.649966-04 

.358946-03 

.7035 

.645266-04 

•356006-03 

• 7050 

.640336-04 

.352936-03 

• 7066 

.635156-04 

.349726-03 

• 7862 

.629766-04 

.346396-03 

.7096 

.624166-04 

.342956-03 

.7110 

.618386-04 

.339416-03 

.7123 

.612436— 04 

.335796-03 

.7134 

.606316-04 

.332086-03 

.7143 

•68007£-04 

.326306-03 

.7156 

.593626-04 

.324466-03 

.7154 

.587056-04 

.320576-03 

.7155 

•580426-04 

.316636-03 

.7152 

.573646-04 

.312656-03 

•7146 

.566776-04 

•306636-03 

• 7135 

.559806-04 

•304596-03 

.7120 

.552736-04 

.300526-03 

.7100 

.545576-04 

.296426-03 

.7075 

.538326-04 

.289946-83 

.7102 

.530996-04 

.283376-03 

.7126 

.523576-04 

.276776-03 

.7147 

. 516086-04 

.270156-03 

.7164 

.508516-04 

.763526-03 

.7176 

.500 0 6E-O4 

.256886-03 

.7164 

.493126-04 

* 250226-03 

.7189 

.485316-04 

.243566-03 

.7188 

.477426-04 

.236686-03 

.7183 

.469456-04 

.730216-03 

.7174 


i 

1 


i 


l 




TABLE I. BEAL -GAS T SEN TROPIC EXPANSIONS OF PARAH VCROGE N 


J: 



M. TT 

> 300.0 K 

PT i 

1*0 ATM 

PHOT = 

• 818E-04 

G/CH3 

SVT =1309. 

789 M/S5C 



1 

MACH 

RE/M 

Z 

CP/CV 

SV/SOT 

P/PT 

T/TT 

RHO/RHOT 

A*/A 

SV/StfT 

P/PT 

T/TT 

RHO/RHOT 

A*/A 

i 










——RELATIVE 

TO IDEAL 

GAS VALUES--—— 

i . 

0.900 

0. 

1.0006 

1.3697 

1.0009 

1.0080 

1,0000 

1.0003 

9.0000 

1.0000 

1.0009 

1.0000 

1.0000 

1.0990 


• 056 

.5976*06 

1.0006 

1.3849 

. .9997 

.9982 

.9955 

.9967 

• 0663 

1.9000 

.9999 

1.0000 

.9999 

1.0004 

i ■ 
?•' 

.100 

.119E+07 

1.0096 

1.3846 

.9990 

. 9931 

.9961 

.9959 

.1719 

1.0000 

1. SO 69 

1.0001 

1.0000 

1.0604 

£ 

f 

.150 

.176E+07 

1.0006 

1 .3846 

.9977 

.9645 

.9957 

.9888 

.2558 

1.0000 

1.0001 

1,0002 

.9999 

1*0004 

t: 

g 

.200 

•2356*07 

1 .9006 

1.3644 

,9960 

.9728 

.9924 

.9693 

• 3376 

.9999 

1.0993 

1.0003 

1.0000 

1.0004 

v 

.250 

.2906+0 7 

1.0006 

1.3640 

.9937 

,9579 

.9881 

.9694 

.4164 

.9999 

1.0905 

1.0005 

1.9000 

1.0004 

i-‘ 

.300 

.3446+07 

1.0006 

1.3837 

.9910 

,94ni 

.9639 

,9564 

.4915 

.9999 

1.0907 

1.8007 

1.0000 

W00B3 

: 

.350 

•3956*07 

1.9006 

1.383? 

.9678 

.9196 

.9770 

.9413 

.5626 

.9996 

1.0009 

1.0010 

i.oooo 

1.0002 

!r. 

t 

.40 0 

•4446+07 

1.0006 

1.3827 

.984? 

.8966 

.9702 

.9242 

.6290 

.9998 

1.0012 

S » 0013 

.9999 

1.0002 

ft’ 

.450 

,4906*07 

1.0006 

1.3821 

.9801 

,8718 

,9626 

.9056 

.6905 

.9997 

1.0017 

1.0016 

1.0001 

1.0003 

l 

..500 

.5335*07 

1.0005 

1.3814 

.9756 

.8447 

,9543 

.8651 

.7464 

.9997 

1,0019 

1.0022 

1.0000 

1.0001 

f’’ : 

.550 

.5736+97 

1.0005 

1.380 6 

.9707 

*€161 

.9453 

.6634 

.7968 

.9996 

1.0024 

1.0025 

• 9999 

1.0000 

i 

.£00 

.6096*07 

1.0096 

1.3797 

.9654 

.7863 

.9357 

.6404 

.8416 

.9996 

1.8030 

1.0031 

1.0000 

1.0000 

5: 

.65 0 

.6426*07 

1.8005 

1.3*88 

.9598 

.7556 

.9255 

.8165 

• 6606 

.9995 

1.0836 

1.0037 

1.0001 

1.0000 

! 

.700 

•671E+07 

1.0005 

1.3778 

.9538 

,7240 

.9147 

.7916 

.9137 

.9995 

1.0042 

1.0044 

1.0009 

.9999 

| 

.75 0 

.6976*07 

1.0905 

1.3767 

.9475 

.6919 

.99 35 

.7659 

,9409 

.9994 

1.0048 

1.0951 

.9998 

.9997 

n 

.600 

. ?286*0 7 

1.6004 

1,3764 

.9419 

.6598 

.8918 

.7399 

.9629 

.9994 

1.0057 

1.0060 

.9999 

.9997 

r 

■ 

.650 

.7395*07 

1.0004 

1.3741 

. 9341 

.6277 

,879 8 

.7136 

.9795 

.9993 

1.0066 

1.0069 

.9999 

.9997 

r 

• 90 0 

.7556+07 

1.0004 

1.3727 

.9270 

.5959 

.6674 

.6872 

• 9912 

.9993 

1.0079 

1*0079 

1.0002 

i.oooo 


.950 

.7676*07 

1.0004 

1.371? 

,9197 

.5644 

.6546 

.6605 

.9977 

.9993 

1.0089 

1.0990 

1.0801 

.9999 

f- 

1.000 

.777E*07 

1.0004 

1.3697 

.9123 

.5337 

.9419 

.6341 

1.0000 

.9993 

1.0102 

1.0103 

1.0002 

1.0000 

| 

1,050 

.764E+07 

1.0004 

1.3680 

,9046 

.5037 

.6288 

.6078 

.9981 

.9994 

1,0116 

t. 0116 

1.0803 

1.0001 


1.10 0 

,768E*07 

1.0003 

1.3661 

.8968 

.4744 

.8156 

.5618 

.9921 

.9994 

1.0126 

2.0130 

1.0001 

1.0000 

| 

1.150 

♦789E+07 

1.0003 

1.3645 

• 8888 

.4461 

.6923 

.5561 

.9827 

.9995 

1.014? 

1.0145 

.9999 

.9999 

t 

1.200 

*786E*07 

1.0003 

1.3627 

.8808 

.4188 

.7890 

.5319 

• 9714 

.9996 

1.0157 

1.8162 

.9998 

.9999 

I 

1.250 

.7856*07 

1*0003 

1.3608 

.8727 

.3927 

.7756 

.5065 

.9552 

.9998 

1.0173 

1,0179 

.9997 

.9999 

I 

1.30 0 

.7796*07 

1.0003 

1*3589 

.8649 

,3677 

.7622 

.4626 

,9376 

1.0000 

1.0166 

1.0196 

.9994 

• 9990 

[ 

1.350 

.7726*07 

1.0093 

1.3570 

.8562 

• 3438 

.7488 

.4593 

.9178 

1.D002 

1.020? 

1.0217 

.9989 

*9995 

r. 

1.400 

.7636*07 

1,0 092 

1.3550 

.8480 

,3211 

.7355 

.4367 

• 6963 

1.0895 

1.0216 

1.0238 

.9964 

.9993 

f 

1.450 

.7536*07 

1.000? 

1.3531 

.8397 

.2995 

.7222 

.4148 

.6732 

1.0096 

1.0231 

1.0259 

.9976 

.9989 

i 

1.500 

.7416*07 

1.0092 

1.3512 

.8314 

.2791 

.7091 

.3938 

.6490 

1.0012 

1.0246 

£.0282 

.9969 

.9985 

fe 

V 

1.550 

. 7286*07 

1. 0902 

1.3494 

.8232 

.2596 

.6960 

.3733 

.8235 

1.0016 

1.0256 

1,0305 

.9957 

.9976 

i 

1.60 0 

.7145*07 

1.9002 

1.3476 

.8149 

.2416 

.6631 

.3538 

.7975 

1.0021 

1,0268 

1.0320 

.9945 

• 9971 

1 

1.650 

.6996*87 

1.0092 

1.3459 

.8067 

.2245 

.6793 

.3358 

.7710 

1,0026 

1.0279 

1.0353 

• 9933 

.9963 


1.709 

.6836*07 

1.000? 

1.3442 

.7986 

.2084 

.6576 

.3170 

.7660 

1.0032 

1.0285 

1.0377 

.9916 

.9952 


1.750 

.6676*07 

1.0002 

1.3428 

.7905 

.1933 

.6451 

• 2996 

.7169 

1.0038 

1.0291 

1.0402 

.9696 

.9940 

E-.' 

1.600 

•65QE+07 

1.0001 

1.3414 

• 7625 

.1791 

.6327 

.2933 

.6697 

1.0045 

1.0293 

1.0428 

• 9876 

•9925 

h 

t 

1.650 

•633E*07 

1.0991 

1,3402 

.7745 

*1659 

.6205 

.2675 

.6627 

1.0053 

1.0294 

1.0453 

.9853 

.9909 

? 

F 

1.900 

.6165*0 7 

1,0091 

1,3392 

.7667 

.1536 

.6065 

.2525 

.6359 

1.0961 

1.0290 

1 . 0477 

.9826 

• 9690 

E" 

1.950 

.5986*07 

1,0001 

1.3383 

.7589 

.1420 

.5965 

.2382 

.6095 

1.0069 

1,0283 

1.9502 

.9797 

.9869 

l- 

2.080 

.5615*07 

1.0081 

1.3377 

.7512 

.1313 

.5848 

.224^ 

,5835 

1.0078 

1.0273 

1.0526 

.9765 

.9846 


TA<*LE I. P'£AL-GA5 ISENTPOPIC EXPANSIONS OP PARAHYDRGGEN 


MACH 

LOCAL IS5NTROPIC 

P. CCONTINUEO* 
VISCOSITY 

THERMAL CONDUCTIVITY 

PRANDTL 


EXPANSION COEFF. 

G/CM-SEC 

CAL/CM-SEC-K 

NUMBER 

o.oon 

I 

• 8960 36—04 

.461416-93 

.7096 

.050 

1.3616 

.895836-04 

.461206-03 

• 6093 

.100 

1.3898 

,894966-04 

•46Q98E-03 

.6693 

.150 

1.3645 

•893526-04 

.460266-03 

• 6893 

.200 

1.3885 

.89151E-04 

.459386-03 

.6894 

*250 

1.3847 

• 88894E-54 

•45825E-03 

• 6695 

.300 

1.3839 

. 85583E-04 

.456606-03 

.6897 

.350 

1.3634 

.682196-04 

•45529E-03 

•6698 

.400 

1.3830 

.870056-04 

• 453406-03 

.6908 

,4 50 

1.3868 

.873426-04 

.451476-03 

.6903 

*500 

1.3794 

• 86833E-04 

.449256-03 

.6905 

• 550 

1.3808 

.862806-04 

.446066-03 

.6900 

.600 

1.3814 

,856866-04 

.444296-03 

.6911 

• 650 

1.3806 

.850536-64 

.441597-03 

• 6915 

.700 

1,3774 

.843856-04 

•436866-01 

, 6916 

.7*0 

1.3756 

. 836846-04 

.436026-03 

.6919 

• BOO 

1.3775 

.82954E-04 

.433076-03 

.6921 

.650 

1.3753 

.821966-04 

.430026-03 

.6924 

.900 

1.3762 

•81414E-04 

. 426896-03 

.6928 

.950 

1.3715 

• 80611E-04 

.423666-03 

.6931 

1.000 

1.3721 

.797906-04 

.420426-03 

.6935 

1.050 

1.3705 

•789&2E-04 

.417126-03 

.6939 

l.lOO 

1.3665 

•76100E-B4 

,413776-03 

.6943 

1.150 

1.3651 

.772386-04 

.410416-03 

•6948 

1 . 200 

1.3644 

.763666-04 

.407026-03 

• 6952 

1.250 

1.3627 

.^5487£-04 

.403566-03 

.695 7 

1.300 

l.*603 

.746036-04 

.399786-83 

• 6968 

1.350 

1.3574 

.73715E-04 

.395996-03 

.6979 

1.400 

1.3568 

.728256-04 

.392236-03 

.6988 

1.450 

1,3535 

•71934E-04 

.300486-03 

.6997 

1.500 

1.3531 

• ?lB44E-0*t 

.304766-03 

• 7005 

1 . 550 

1,349? 

.701546-04 

.381076-83 

.7011 

1.600 

1.3457 

•692686-04 

.377416-03 

.7016 

1.650 

1.3477 

,663846-04 

.373796-03 

,7020 

1.700 

1.3445 

.675046-04 

.370216-03 

• 7021 

1,750 

1.3443 

.666286-04 

.366666-03 

• 7020 

1.800 

1.3410 

, 657566-04 

.363166-03 

• 7015 

1.850 

1.3420 

•64800E-04 

•35022E-O3 

.7037 

1.900 

1.3402 

.6*0266-04 

.352046-03 

.7065 

1.950 

1.3396 

.631686-04 

.347526-03 

• 7090 

2.000 

1.3394 

.623146-04 

•34227E— 03 

.7112 


ORIGINAL pags is 
ffl POOR QUALM 


TABLE II. REAL-GAS tSENTROPIC EXPANSIONS OF PARAHVCROGEN 




A. TT 

- 30.0 

K PT = 

3*0 ATM 

RHOT = 

•275E-02 

G/CK3 

SVT ;* 433 

.065 M/SEC 




MACH 

RE/M 

7 

CP/CV 

SV/SVT 

P/PT 

T/TT 

RH07RHOT 

A*/ A 

SV/SVT 

R/RT 

RELATIVE TO 

T/TT 

IDEAL 

RMO/RHOT A*/A 

FAS VALUES——— 

0.000 

0. 

.8930 

1.9215 

1.0000 

1.0800 

1.0008 

1.0000 

0.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

• 05 0 

.3575*08 

.8929 

1 .9=>15 

.9995 

.9979 

.9991 

• 9968 

.089? 

.9998 

• 9996 

.9996 

1.0000 

1.0341 

• too 

.712E+0 8 

.8979 

1.9714 

*9987 

.9915 

.9966 

.9950 

.1775 

.9992 

. 9985 

. 9966 

1.0000 

1.0334 

.150 

•1D6E+09 

.8928 

1.9214 

.9960 

.9811 

• 9924 

.9888 

.2640 

.9982 

.9967 

.9966 

1.0000 

1.0324 

*200 

.141E+09 

.8927 

1.9214 

.9928 

.9670 

.9865 

*9804 

.3479 

.9968 

.9943 

.9944 

1.0002 

1.0311 

.25 0 

.175; *09 

.8926 

1.9213 

. 9889 

.9409 

.97 91 

.9696 

.4284 

.9950 

.9911 

.9913 

1.0001 

1.0293 

• 30CI 

•7085*09 

.89?5 

1.9*1 t 

.9041 

.9276 

.970? 

.9566 

.5046 

.9929 

.9873 

. 9876 

1.0003 

1, 0272 

•■55 u 

,2405+09 

.8973 

1.9710 

.9786 

.9033 

.9599 

.9418 

.5765 

.9905 

.9832 

. 9834 

i.0006 

1.6250 

.400 

•270E+09 

.8921 

1.9208 

. 9723 

.0765 

.9482 

.9252 

.6431 

.9677 

• 9786 

. 9786 

1.0010 

1*0226 

• 45 0 

. 300 £+.09 

.8919 

1.9205 

.9653 

.847^ 

.9354 

.9069 

.7041 

.984 7 

.9737 

• 97 33 

1.0016 

1.0200 

.50 0 

.3785*09 

• 8917 

1 .9^0? 

.95^7 

.8164 

.9215 

.6872 

.7593 

.9814 

.9685 

.9676 

1.0023 

1.0174 

*55 0 

.355;+09 

.5915 

1.9198 

.9*95 

• 78t*l 

.9066 

.8662 

.8085 

.9778 

. 9630 

.9615 

1*0032 

1.0146 

.600 

.3805*09 

.8913 

1.9193 

.940 8 

.7509 

.8909 

.8444 

• 8519 

.9741 

.9577 

.9551 

1.0047 

1^0122 

.650 

.404E+09 

.8911 

1.9107 

.9316 

.7168 

.6744 

.8215 

.6891 

.9702 

.95 22 

.94 8 3 

1.0062 

1.0096 

*700 

.4275+09 

.8909 

1.9180 

.9220 

.6877 

.8574 

.7981 

• 9206 

.9661 

.9469 

• 9*14 

1.0082 

1.0074 

*750 

.4485+09 

.8907 

1.9171 

.9119 

.6483 

.8398 

.7740 

.9461 

.9619 

.9416 

• 9343 

1.0104 

1.0052 

• 800 

.467E+09 

.8905 

1.9161 

. 90 16 

*6145 

.8210 

.7496 

• 9665 

.9576 

.9367 

• 9271 

1.0132 

1.0035 

.850 

.4855*09 

. 8903 

1.9151 

.8910 

.5811 

.8036 

.7253 

.9817 

.9532 

.9320 

• 9197 

1*0164 

1.0020 

.900 

.5025*09 

.8902 

1.9139 

.86Q1 

*5<*85 

- V 85 1 

.7008 

.9921 

.9487 

.9277 

.9123 

1.0200 

1.0009 

1.0003 

.950 

.5175+09 

.8900 

1.9127 

.6691 

.5169 

.7666 

.6764 

.9982 

.9443 

.9239 

• 9850 

1.0242 

t .000 
1.050 

.5315+09 

,8899 

1.9113 

. 8579 

.4862 

.7480 

.6522 

1.0000 

.9398 

.9203 

• 8976 

1.0268 

1.0000 

• 543E+0 9 

. 8897 

1.9100 

.8*66 

.4567 

.7295 

.6283 

.9983 

.9353 

.9174 

• 8904 

1.0340 

i.0003 

1.100 

,5555+09 

.88 96 

1.9087 

.8353 

.4285 

.7111 

• 6046 

.9932 

.9309 

.9149 

.0832 

1.0398 

1.0011 


SATURATION 90UN0ARY REACHE9. 






TABLE II. »Eflt-GAS ISENTPOPIC EXPANSiaNS OF PARAHVCFOGEN 


MACH 

LOCAL ISENTROPIC 

A. fCONTINUED* 
VISCOSITY 

THERMAL CONDUCTIVITY 

PRANOTL 


EXPANSION COEFF. 

G/CM-SEC 

CAL/CN^SEC-K 

NUMBER 

0*000 

I 

•16676E-04 

. 61100E-04 

• 8029 

• 050 

1.6971 

•I6662E-04 

•61Q49E-04 

• 8029 

• mo 

1.6918 

•16622E-04 

•60897E-04 

.8030 

• 150 

1.6954 

. 16555E-04 

•60644E-04 

•8031 

• 200 

1.7097 

. 16463E-04 

.602955-04 

.6*32 

• 250 

1.6890 

•16345E-04 

•598476*04 

• 9036 

.300 

1.6941 

•16203E-04 

•59306E-04 

• 8037 

.350 

1*6970 

. 16038E-04 

•58680E-04 

• 8041 

• 403 

1.6965 

• 15S53E-04 

•57988E-Q4 

• 8043 

• 450 

1*6929 

•15647E-04 

•57215E-04 

.0946 

• 500 

1.6927 

.154236-04 

•56369E-84 

.8051 

.550 

1.6897 

• 15163E-04 

•554536*04 

• 8058 

• 600 

1.6947 

• 14 92 6 £-04 

•54476E-04 

•8066 

• 650 

1.6872 

•14659E-04 

•53442E-04 

• 8077 

• 700 

1.6983 

• 1436DE-04 

•52455E»04 

• 8076 

• 750 

1.6822 

•14991E-04 

•514292-04 

• 8*76 

• OOP 

1.6863 

•13794E-04 

•50340E- 04 

• 8084 

• 850 

1.6833 

•13491E-04 

• 4 9191 E- 04 

.6099 

• 500 

1.6605 

•13183E-04 

•47990E-04 

• 6123 

.950 

1.6805 

•12872E-04 

•467456*04 

• 6155 

1.000 

1.6757 

• 12558E-Q4 

•45460E-O4 

.8197 

1.050 

1.6762 

•12244E-04 

•441476*04 

•8249 

1.100 

1.6736 

.11931E-04 

.42977E-04 

• 62«S 


SATURATION BOUNDARY REACHED* 




HACK 

RE/M 

B. TT 

Z 

TABLE 
=* 35.0 K 

cp/cv 

II. REAL -GAS 

PT - 3,0 ATM 

SV/SVT P/PT 

ISENTROPIC 
RHOT * 
T/TT 

EXPANSIONS OF PARAhYDROGEN 
•226E-02 G/CM3 SWT * 477. 
RHO/RHOT A*/ A SV/SVT 

003 tt/S£C 
P/PT 

1/TT 

RHO/RHOT 

*»/* 

0*000 

0. 

.9310 

1.8249 

1.0000 

1.0000 

1.0000 

1.0000 

0.0000 

-—---RELATIVE TO 
1.0000 1.0000 

IDEAL 

1.0010 

GAS VALUES- 
1 • 0000 

•> 

1,0900 

*050 

. 284E ■Ml 0 

• 9110 

1.8248 

.9996 

.9979 

.9991 

.9947 

.0891 

,9998 

.9996 

.9996 

1.0 00 0 

1.0329 

.10 0 

»567E*P8 

.9110 

1.8248 

.9982 

.9917 

.9966 

.9951 

.1773 

.9992 

.9907 

.9966 

1.0001 

1,0324 

*15 0 

• 84 7E *0 0 

.9309 

1.8247 

♦ 9960 

.9413 

.9924 

.9889 

.2638 

.9982 

.9968 

• 9969 

1,0001 

1.0314 

.200 

*11ZE*Q9 

.9308 

1.8245 

.9929 

.9670 

.9866 

.9804 

.3475 

.9969 

.9943 

.9944 

i.oooi 

1.0300 

• 250 

.1392*09 

.9307 

1.8*4? 

.9890 

.9491 

.979* 

.9696 

.4280 

,9951 

.991? 

.9914 

1.0002 

1.0263 

• 10 0 

.165E*09 

.9106 

1.8240 

,9842 

.9277 

.9701 

.9566 

.5043 

.9931 

.9875 

.9877 

1,0003 

1.0262 

.35 0 

•191E+0 9 

.9304 

1.8237 

.9787 

.9035 

.9600 

.9417 

.5759 

.9907 

.9834 

.9635 

1.0005 

1.0240 

*400 

.215E+09 

.9503 

1,8234 

.9725 

.8758 

.9484 

.9253 

.6426 

.9880 

.9790 

.9787 

1.0011 

1.0210 

.45 0 

.238E+09 

.9301 

1.8233 

. 9657 

.8477 

.9156 

.9069 

.7036 

.9851 

.9740 

.9735 

1.0015 

1.0193 

.50 0 

•26 IE* 09 

• 9? 99 

1.8230 

.9562 

.8168 

,9217 

.847? 

.7588 

.9819 

• 9689 

.9676 

1.0023 

1.0167 

*55 0 

.20224-09 

.9297 

1,8228 

.9502 

.7844 

• 906 8 

.9661 

.8080 

.9785 

.9634 

. 9617 

1.0031 

1*0141 

• 600 

.3022*09 

.9296 

1.8225 

• 9<*16 

.7510 

.8911 

• 9441 

.8514 

.9749 

.9579 

. 9553 

1.0044 

1.0116 

• 65 0 

•3?8E*09 

.9294 

1.8222 

.9325 

.7170 

.4746 

.8212 

.8887 

.9711 

.9524 

. 94 8 6 

1*0059 

1.0092 

.70 9 

»118E*09 

.929? 

1 .8 219 

.9231 

*6826 

.8576 

.7978 

.9203 

.9672 

,9472 

. 9416 

1*0079 

1. 0072 

•750 

. 3542*09 

• 97 90 

1.8216 

.913? 

.6485 

. 8399 

.7738 

.9461 

.9632 

.9418 

.9344 

1.0101 

1.0052 

• 080 

. 369E *09 

.9288 

1.8211 

.9030 

.6144 

.8219 

.7493 

.9664 

.9591 

• 9366 

.9271 

1.0126 

1.0033 

• 050 

.3432*09 

.9287 

1.6287 

.4926 

.5809 

,8035 

.7248 

.9816 

.9549 

.9316 

.9196 

1,0156 

1.0019 

.900 

.3965*09 

» 92 45 

1 .8202 

.8819 

.5 461 

.7849 

.7002 

.9920 

.9506 

.9270 

.9121 

1.0191 

1.0006 

.95 0 

, 4P, S£*0 9 

.9254 

1.6196 

.8710 

.5163 

.766? 

.6757 

.9981 

.9463 

• 9226 

• 9045 

1.0231 

1.0003 

1.000 

•419E*09 

.9283 

1.8193 

.8599 

.4855 

.7475 

.6514 

1.0000 

.9420 

.9189 

• 6970 

1.0275 

1.0000 

1.050 

.4202*09 

.9281 

1.8183 

. 8488 

.*.558 

.7287 

.6274 

.9983 

.9377 

.9156 

• 6694 

1.0326 

1.0003 

1.100 

.4375*09 

*9240 

1.8176 

.8376 

.4274 

.7101 

.6039 

.9932 

.9334 

.9126 

.6619 

1.0381 

1.0011 

1 *1:50 

.445E*09 

.9280 

1.8168 

.8261 

.4003 

.6916 

*5806 

.9850 

.9291 

.9100 

• 6745 

1.0440 

1.0022 

1 .20 Q 

.4525*09 

.92 79 

1.8159 

.8150 

.3745 

.673? 

• 55 80 

.9743 

.9249 

.9061 

.6672 

1.0506 

1.0039 

1.250 

.4585*09 

.9278 

1.8151 

.8037 

.3501 

.6553 

• 5360 

.9614 

.9207 

.9066 

.8601 

1.0579 

1.0063 

1 .300 

.4535*09 

.9278 

1*8142 

.7924 

.3270 

.6375 

• 5146 

.9464 

.9166 

.9059 

*65:36 

1,0657 

1.0092 

1 .350 

.4685*09 

.9274 

1.8133 

#7611 

.3051 

• 6201 

.4938 

.9298 

.9126 

.9056 

*6461 

1.0740 

1.0126 

1.400 

.472E+09 

.9274 

1.8124 

.7701 

.2846 

,6030 

.4736 

.9116 

.9086 

,90 56 

• 6393 

1,0827 

1.0163 

1.453 

1.500 

.4755*09 

.9277 

1.8116 

.7591 

.2653 

.5863 

.4542 

.8924 

.9048 

.9064 

.6326 

1.0922 

1.0209 

•4742*09 

.92 77 

1.4108 

.7482 

.2472 

.5699 

.4353 

.8722 

.9610 

.9076 

. 6264 

1.1021 

1.0259 

1 .55 8 

»480E*09 

.9277 

1.8101 

.7374 

.2303 

.5540 

.4173 

.8514 

.8973 

.9095 

.8201 

1.1126 

1.0316 


SATURATI ON BOUNDARY REACHED. 


RLE XI. PEAL-GAS ISENTROPIC EXPANSIONS 

OF PARAHVOROGEN 


B. 

ICONTINUEOI 



L OG At ISENTROPIC 

VISCOSITY THERMAL CONDUCTIVITY 

PRANOTL 

EXPANSION COEFF. 

G/CM-S6C 

CAL/CH-SEC-K 

NUMBER 

I 

*109496-04 

•68541E-R4 

•7620 

1*6895 

•16934E-04 

*664636-94 

.7620 

1*7153 

.108916-04 

•663146-04 

• 7621 

1*6802 

.186186-04 

.660306-04 

• 7624 

1*6679 

.107 186-04 

.676376-04 

.7627 

1*6922 

.16590E-04 

.671366-04 

• 7631 

1.6674 

.1643 76-94 

•665376-04 

• 7636 

1.69112 

•162566-04 

.656426-04 

• 7641 

1*6976 

. 160576-04 

•650006-04 

• 7646 

1.6666 

•178336-04 

•64236E-94 

• 7650 

1.6666 

.175 90 £-04 

.6331 86-04 

.7653 

1*6857 

•173286-04 

•623676-04 

.7653 

1.6673 

.17049E-O4 

•613496-04 

• 7653 

1.6864 

•16756E-94 

.602676-04 

.7655 

1.6904 

. 16450 E-04 

•591306-04 

.7659 

1.6846 

.16132E-04 

•579386-04 

• 7664 

1.6622 

.156066-04 

•567036-04 

• 7670 

1*6626 

.154716-04 

•554306-04 

.7679 

1.6617 

. 15130E-0 4 

.541276-04 

• 7609 

1.6830 

.147866-04 

.526016-04 

.7701 

1.6795 

.144376-04 

.514576-04 

.7716 

1.6610 

•14087E-04 

•501306-04 

.7720 

1.6790 

.137376-04 

•406616-04 

• 7732 

1 .6757 

•133866-04 

.475946-04 

.7737 

1 .6763 

. 130 38E-fl«* 

•463296-04 

.7744 

1.6773 

•12692E-04 

•450716-04 

.7753 

1.6747 

.123496-04 

•436236-04 

.7763 

1.6733 

•120116-04 

•425006-04 

.7776 

1.6664 

.116766-04 

•413706-94 

.7790 

1,6724 

•113486-04 

•401726-04 

• 7006 

1*6676 

.110256-04 

•390216-04 

• 7019 

1.6702 

•107066-04 

.301436-04 

• 7703 

SATURATION 

BOUNDARY REACHED. 







TAPLE II. »=AL-GA< ISENTROPIC EXPANSIONS Of PARAHYDROGEN 





C. TT 

= 40.0 K 

PT = 

3.0 ATM 

phot = 

.I93E*02 

G/CM3 

SVT - 515 

.384 M/SEC 




i 

MACH 

RE/M 

7 

CP/ cv 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A*/A 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A* /A 












RELATIVE TO 

IDEAL 

CAS VALUES 

f,: 

j: 

0.000 

0. 

.9528 

1.775 <3 

1.0000 

1.0000 

1.0000 

1,0000 

0.8000 

1.8000 

1.0900 

1.0800 

1.9000 

1.8000 


.05 0 

« 2 3 fc£ + 9 8 

.9528 

1.7T59 

.9996 

,9979 

.999? 

.993? 

.0890 

.9998 

.9996 

.9997 

1,0000 

1.0323 

l 

F 

.100 

.470E+08 

. 9527 

1.7759 

.998? 

.9917 

.9966 

.9951 

.1772 

.9992 

.9907 

.9966 

1.0901 

1.0318 

r 

k 

• 15 0 

•701c *08 

.9527 

1.7758 

.9960 

.9813 

.9924 

.9839 

• 2636 

.9983 

.9968 

. 9969 

1.0901 

1.0308 

L 

b 

*200 

.9295*08 

.9526 

1.7758 

.9930 

.9670 

. 9866 

.9803 

.3474 

.9970 

.9943 

.9945 

1,0000 

1.6294 

c 

.25 0 

• 115E + 0 9 

.9525 

1 .775 7 

.9891 

.9491 

.9792 

.9695 

.4277 

.9953 

.9912 

.9915 

1.0001 

1.0277 

f- 

.300 

* I37E + 0 4 

.95 24 

1.7756 

,9845 

.9279 

,9704 

.9567 

.5041 

,9933 

.9877 

.9878 

1.0003 

1.0259 

r ' 

.350 

• 156S+09 

.9522 

1.7754 

.9791 

*90.37 

.9601 

.9418 

.5758 

*9910 

• 98 36 

. 9836 

1,0005 

1.0237 


.400 

•178E*09 

« 95 21 

1.7752 

.9729 

.876 8 

.9485 

.9251 

.6423 

.9864 

.9790 

.9709 

1.8009 

1.0214 

& ■ 

P:- 

• 45 0 

.197E+09 

.9619 

1.7750 

.9661 

,8478 

,9358 

.9069 

.7034 

.9855 

.9742 

.9736 

1.0015 

1.0190 

i 

fe- 

.500 

.2156*09 

.9517 

1 .7 748 

.9586 

.8169 

.9219 

.8971 

. 7587 

.9823 

.9691 

.9680 

1.0022 

1.0165 

£ 

• 550 

.233E+09 

.9516 

1,7745 

.9506 

,7845 

.9070 

.8661 

.8079 

.9789 

.9636 

.9619 

1.0031 

1.0130 

r. • 

5 ; 

.60 0 

.2490+09 

.9514 

1.7742 

.9421 

.7513 

.8913 

.3442 

.6513 

.9754 

.9583 

.9555 

1.0044 

1.0116 

P 

.650 

.264E+09 

.9512 

1.7738 

.9330 

.7173 

.8749 

.8213 

• 6666 

.9717 

.9529 

.94 88 

1.0059 

1.0092 

f; 

•TOO 

•279E+09 

.9510 

1.7734 

• 9236 

.6 830 

.8578 

.7977 

.9201 

.9678 

.9474 

.9419 

1.0077 

1.0069 

i;- 

F: 

p 

• T5 0 

• 292E+09 

• 9508 

1.7730 

.9137 

.6487 

.8482 

.7736 

.9459 

,9638 

.9420 

.9347 

1.0099 

1.0049 

tr 

i 

.80 0 

.3046*09 

.95 07 

1.7727 

.9036 

.6147 

.8222 

,7492 

.9663 

.9597 

*9369 

.9274 

1.0125 

1.0033 

1- 

. 85 0 

.315F+09 

.9505 

1.7723 

.8932 

.5811 

.6039 

.7247 

.9816 

.9556 

. 9320 

.9200 

1.0155 

1*0019 

l 

.900 

.326E+09 

,9503 

1 .7720 

.8826 

.5483 

.7 853 

.7000 

.9920 

.9514 

.9273 

.9125 

1.0108 

1.0086 

f. 

.950 

.3356+09 


1 .7716 

.8718 

.5164 

.7666 

.6754 

.9988 

.9472 

.9230 

. 9049 

1.0227 

1.0082 

S- 

1.000 

.3436*09 

,9500 

1.7713 

.8608 

.4355 

.7478 

.6511 

1.0000 

.9429 

.9191 

.8974 

1.0271 

1.0009 


1.050 

.35 IE +0 9 

. 94 99 

1.7709 

.8497 

.455 8 

.7290 

.6271 

.9982 

,9387 

.9156 

.6098 

1.0321 

1.0803 

| 

1.100 

•358E+09 

. 9«*9fl 

1.7704 

.8385 

.4274 

.7184 

.68 35 

.9931 

.9345 

• 9125 

.0823 

1.0374 

1.0010 

I. 

1.150 

.3646+09 

.94 97 

1.7700 

,8273 

• 4002 

.6918 

.5803 

.9850 

,9303 

.9099 

• 8746 

1.0434 

1.0822 


1.200 

• 369E+0 9 

.9496 

l .7695 

.8160 

.7743 

.6735 

.5576 

.9742 

.9261 

.9077 

.6674 

1.0499 

1.0039 

§ 

1.25 0 

.374E+09 

.94 96 

1.7690 

.8048 

*3498 

, 65 54 

.5356 

.9613 

,9220 

.9061 

.8602 

1.0570 

1.0062 

\ 

1.30 0 

.3786*09 

, 9495 

1.7685 

.7936 

.3 266 

.6375 

.5141 

.9462 

.9179 

,9050 

.85 38 

1*0646 

1*0090 

l 

1.35 0 

.3816*09 

.9495 

1.7679 

*7324 

.3047 

.6200 

.4932 

. 9295 

.9139 

,9044 

.8460 

1.0727 

1.0122 

l 

1.40 0 

. 384E+09 

.9494 

1.7673 

.7713 

• ?84? 

.60 28 

.4730 

.9113 

.9100 

*9043 

.0391 

1.0814 

1.0161 

f 

1.450 

. 387E+09 

.9494 

1*7669 

.7603 

.2649 

.686 0 

,4536 

. 8922 

.9062 

.9049 

.8324 

1.0909 

1,0206 


1.500 

•389E+09 

.9494 

1.7662 

.7494 

.2468 

■ 5696 

.4348 

.8720 

.9024 

.9059 

• 8259 

1.1008 

1.0256 


1.558 

. 390E+09 

.9494 

1.7656 

,7386 

.2298 

.5535 

.4166 

.8511 

,6987 

.90 74 

.0195 

1.1112 

1.0311 

1 

1.60 0 

.392E+09 

,9>*94 

1.7650 

.7280 

,2140 

.5379 

.3992 

.8297 

.8951 

.9095 

.8133 

1.1223 

1.0373 

i 

1.650 

.3936+09 

.9494 

1.7644 

.7175 

1 1 992 

.5226 

.3625 

.6979 

.8916 

.9122 

• 8072 

1.1340 

1.0440 

s 

If-' 

1.700 

.3936+09 

.9495 

1.7638 

,7071 

.1855 

.5078 

• 3665 

.7860 

. 8882 

.9154 

.8014 

1.1464 

1.0513 

f 

1.750 

•393E+09 

.9495 

1.7633 

.6969 

.1726 

.4934 

.3510 

. 7639 

.8849 

.9190 

. 7956 

1.1590 

1.0590 

1 - 

1.800 

.3936+09 

.9495 

1.7628 

.6866 

.1607 

.4 794 

.3363 

.7418 

.8817 

.9233 

.7901 

1.1725 

1*0674 

;• 

1.850 

.393E+09 

.9496 

1.7623 

.6769 

.1496 

.4659 

•322? 

.7198 

. 8786 

.9279 

.7648 

1.1665 

1.0763 


1.900 

.3936+09 

.94 96 

1.7620 

.667? 

.1393 

.4527 

.3087 

.6981 

.8755 

.9332 

.7796 

1.2010 

1.0857 

i 

1 *950 

. 392E+09 

.9496 

1.7616 

.65 76 

.1297 

.44 00 

,2958 

.6767 

.8726 

.9369 

.7746 

1.2162 

1.0957 
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T&eLP XI. REAL-GAS ISENTROPIC EXPANSIONS OF PARAHYDROGEN 





C. CCONT INUEDI 




MACH 

LOCAL ISENTROPIC 

VISCOSITY 

THERMAL CONDUCTIVITY 

PRANDTL 



EXPANSION COEPF. 

G/CM-SEC 

CAL/CM-SEC-K 

NUMBER 


9,000 

I 

.711356-04 

.763596-04 

• 7301 


.050 

1*6041 

.711196-04 

.762966-04 

• 7302 


• 100 

1.7997 

•21072E-94 

.76109E-04 

• 7303 


.150 

1.6033 

•20995E-04 

.757976-04 

• 7306 


• 200 

1.6034 

•200 676-04 

•75365E-04 

.7309 


*250 

1.6077 

.207506-04 

.748176-04 

.7393 


• 300 

1.6925 

• 205656-04 

.741596-04 

,7399 


.350 

1.6071 

• 20393E-04 

•73397E-04 

.7405 


• 490 

1.6873 

•201766-04 

•72560E-D4 

•7409 


.450 

1*6908 

• 199366*04 

.716306-04 

.7414 


.500 

1.6857 

.196746-04 

•706336-04 

.7419 


.550 

1 .6031 

.193926-04 

•695556-04 

.7424 


.600 

1.6901 

.190926-04 

•684146-04 

•7430 


• 650 

1.6039 

.1*7766-04 

.672156-04 

• 7436 


.700 

1.6830 

.104466-04 

•659666-04 

•7443 


.750 

1.6823 

.1*1 036*04 

•646706-04 

•7449 


.000 

1.6833 

.177516*04 

.633566-04 

•7455 


.650 

1.6021 

•17309E-14 

•620006-04 

•7460 


.900 

1.6705 

.179206-04 

•606236-04 

• 7466 


.950 

1.6806 

•16645E-04 

.592006-04 

• 7474 


1.000 

1.6806 

•162 676-94 

•57769E—04 

.7406 


1.059 

1.6797 

•15866E-04 

.563146-04 

.7496 


1.100 

1.6778 

.155 946-94 

•549966-04 

•7502 


1.150 

1.6702 

.151226-04 

.534*76-04 

• 7500 

•_ 

1.700 

1.6761 

.147416-94 

,520096-04 

.7514 

%%, 

1.250 
1 . 300 

1.6775 

1*6752 

•143636*94 

.139076-94 

.507066-04 

•493416-04 

.7519 

•7523 


1.350 

1.6735 

.136156-94 

.479076-94 

• 7529 

1.400 

1.6733 

.132476-04 

.466496-04 

.7535 

1.450 

1*6749 

.128056-04 

•45330E-04 

.7542 


1.500 

1.6727 

•125206-04 

.440316-04 

.7550 

1.550 

1.6794 

•121786-04 

•42756E-04 

•7559 


1.600 

1.6713 

.118346-04 

•415076-04 

.7560 


1.650 

1.6709 

• 11497E-04 

•402066-04 

.7570 

1 .700 

1.6715 

.111676-04 

.399946-04 

• 7509 


1.750 

1*6667 

. 10845E-04 

•309776-04 

.7570 


1.000 

1.6701 

•105386-04 

.372656-04 

.7516 


1.050 

1.6677 

• 10222E-0*. 

•36488E-04 

• 7458 


1.900 

1.6600 

•99226E-05 

.35745E-04 

.7397 


1.950 

1.6602 

.96307E-05 

•35033E-Q4 

.7333 
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TABLE II. ReAL-GAS ISENTRQPIC EXPANSIONS OF PARAMVOROGEN 


v 



D. TT 

= 60.0 K 

PT s 

3.0 ATM 

RHOT = 

■ 1256-02 

G/CM3 

SVT = 634 

.987 M/SEC 




f; 

MACH 

RE/M 

Z 

CP/CV 

sv/svr 

P/PT 

T/TT 

rho/rhot 

A*/A 

sv/svr 

P/PT 

T/TT 

RHO/RHOT 

A*/A 












RELATIVE TO 

IDEAL 

GAS VALUES — 

[■ 

0.000 

0. 

.9864 

1 .6746 

1.0000 

1.0800 

0 08 P 

1.0006 

0.0000 

1.0000 

1.0000 1.0000 

1.0080 

1.0000 

&• 

.050 

. 1365*0 8 

.9964 

1.6748 

.9996 

.9979 

.9992 

.9987 

.0803 

.9999 

.9996 

.9997 

.9999 

1.0239 


.10 0 

.271E+08 

.9863 

1.6752 

.9985 

.9917 

.9968 

.9949 

.175* 

.9995 

.9987 

• 99*8 

.9999 

1.0235 

£ 

.150 

»404E*08 

• 9963 

1.6760 

.9967 

.9316 

.9928 

.9683 

.2616 

.9969 

.9972 

.9973 

1.0000 

1.0230 


.200 

.5365*08 

• 9862 

1.6770 

.9941 

.9676 

.9372 

.9803 

• 34*9 

.9981 

.9950 

.9951 

1.0000 

1.0221 

1'. ; 

.250 

.664E+nn 

.9861 

1,6783 

,9909 

.9500 

.980? 

.96 95 

.4250 

.9970 

.9923 

.9924 

1.0880 

1.8211 

| 

.300 

.7885*08 

.98 60 

1.6797 

.9669 

.9292 

.9717 

.9566 

.5012 

.9957 

.9091 

.9692 

1.0002 

1.0200 


.350 

.9085*06 

.9359 

1.6 314 

.9822 

.9053 

.9613 

.9417 

.5729 

.9942 

.9*53 

.9854 

1.0084 

1.0166 

1; ' 

.40 0 

•1025*09 

.9958 

1.6832 

.9769 

.8786 

.9506 

.9246 

• 6395 

.9924 

.9*10 

.9*10 

1.0086 

1*0169 

; 

.450 

.113E+09 

.9357 

1.6850 

,9709 

.8498 

.9382 

.9064 

. 7098 

.9903 

.9765 

.9762 

1.0010 

1.0152 

t 

.500 

.1245*09 

.9855 

1*6869 

.9642 

.8190 

.9246 

.6366 

.7564 

.9880 

.9716 

.9709 

1.0016 

1.0134 

i- 

t 

.550 

.1345*09 

.9954 

1.6888 

.9570 

.7667 

.9101 

.8653 

.8060 

.9855 

.9662 

.9651 

1.0021 

1.0114 

!; ■' 

.600 

.1435*0 9 

.9852 

1.6907 

,9492 

.7533 

*8946 

.8430 

.6496 

*9628 

.9606 

.9590 

1.0031 

1.0095 

i, | 

.650 

•1515*09 

.9850 

1.6925 

.9409 

.7193 

• 8783 

.8200 

.8874 

.9798 

.9554 

.9526 

1.0044 

1.0876 

l 

.700 

*1595*09 

.9849 

1.6941 

.9320 

.6846 

.6614 

,7962 

.9192 

.9766 

.9499 

• 9458 

1*0056 

1.0060 

f 

.750 

.167Et89 

.9847 

1*6957 

.9227 

.6503 

.8439 

.7719 

.9454 

.9733 

.9444 

• 9388 

1.0077 

1.0044 

\; 

.800 

*1735+09 

.98 45 

1.6970 

.9130 

.6161 

.8259 

.74 74 

.9661 

.9697 

*9392 

.9316 

1.0100 

1.0030 

i;. 

.050 

•1795*09 

.98 44 

1 .698? 

,9830 

• 5 8? 3 

.8 075 

.7225 

.9814 

*9661 

.9339 

.9242 

1.0125 

1.0017 

1 

.90 0 

.1855*09 

.984? 

1.699? 

.8927 

.5492 

.7889 

.6977 

.9919 

.9623 

.9289 

.9167 

1.0155 

1.0087 

l 

.950 

.1905*09 

.9840 

1.7001 

.8621 

.5172 

.770? 

.6731 

.9981 

.9584 

.9244 

.9092 

1.0191 

1.0003 


1.000 

• 1945+09 

.9839 

1.7008 

.8712 

,4861 

.7514 

.6436 

1.0000 

• 954* 

• 9201 

.9016 

1.0231 

1.0000 


1.050 

*1985+09 

.9337 

1.7013 

.8603 

.456? 

.7325 

.6245 

.990? 

.9504 

.9164 

.6941 

1.0277 

1.3903 

I 

1.100 

.2015*09 

.98*6 

1.7017 

.849? 

.4276 

.71 3 8 

.6006 

• 9930 

• 9463 

.9130 

• 0865 

1.0326 

1.0009 

£ 

1.150 

.21145+0 9 

. 98 35 

1.7020 

*6380 

.4003 

.6952 

.5776. 

.9850 

.9423 

.9102 

.6790 

1.8385 

1.0022 

=: : 

1.200 

.2065*0 9 

.9833 

1.7021 

.6267 

.3743 

.6767 

.5548 

.9740 

.9382 

.9077 

• 8716 

1.0446 

1.6036 

i 

1.250 

.2095+09 

.9832 

1.7022 

.8154 

.3497 

.6585 

.5328 

.9610 

.9342 

.90 59 

.6643 

1.0515 

1.0059 

f 

1.300 

a ?1 Oc + n 9 

.9831 

1.702? 

.804? 

.3265 

.6406 

.5113 

.9459 

• 9302 

.9045 

.6572 

1.8566 

1.0066 

£ 

1.350 

•21 25+09 

.9830 

1.7022 

.7929 

,3045 

.6230 

.4905 

.9291 

.9263 

.9037 

.6501 

1.0667 

1.0119 

f 

1.400 

.2135*09 

.9829 

1.7021 

.7818 

.2839 

.6057 

.4703 

.9110 

.9224 

.9035 

.8432 

1.0753 

1.0157 


1.450 

• 2135*0 9 

.9828 

1.7019 

.7707 

.2645 

.5868 

.4509 

• 0917 

.9185 

.90 3* 

.8364 

1.0043 

1.0200 

fr-- 

1.500 

.2145*09 

.9328 

1.7018 

.75 97 

.2464 

.5723 

.4321 

.6714 

.91*8 

.9046 

.8296 

1.0940 

1.0249 

i. 

t 

1.550 

•7145*09 

.9827 

1,7016 

.7483 

.2294 

.5562 

.4141 

.8505 

.9111 

.9059 

• 8234 

1.1044 

1.0305 

l 

1.600 

.214E+09 

. 9626 

t.7014 

.7381 

.2136 

.5404 

.396? 

.6290 

.9075 

*90 78 

.8171 

1.1152 

1.0364 

r 

1.650 

.2145+0 9 

.9826 

1*7013 

.7274 

.1988 

.5251 

.3801 

.6073 

.9040 

.9103 

.8110 

1.1260 

1.0432 

[- : 

1.700 

.2145*09 

.9825 

1.7011 

.7169 

.1850 

.5102 

.364,0 

.7851 

.9006 

.9130 

.6050 

1.1366 

1.0501 

\ 

1.750 

.2135*09 

. 95 ?5 

t .7009 

.7066 

.172? 

.4957 

.3487 

.7631 

.6973 

.9166 

.7993 

1.1513 

1,0588 


1.800 

.2135*09 

,9825 

1.7607 

.6964 

.1602 

.4616 

.3340 

.7409 

.6941 

*9205 

.7936 

1.1644 

1.0661 

' 

1.85 0 

.2125*09 

.9324 

1,7005 

.6 364 

.1491 

.4679 

.3199 

.7189 

.6909 

.9249 

.7882 

1.1761 

1.0749 

fr 

1.900 

•211E+09 

.9824 

1.7003 

.6766 

.1366 

.4546 

.3065 

.6973 

• 6676 

.9300 

.7829 

1.1927 

1.0645 

i 

1.95 0 

.2105+09 

.9824 

1.7061 

.6669 

.129? 

.4416 

.2936 

.6757 

• 8849 

.9354 

.7776 

1.2075 

1.0942 

.= 

?,oon 

.2095+09 

.98 24 

1.6999 

.6574 

.12(13 

.4293 

.2614 

.6547 

.8620 

• 9415 

.7728 

1.2232 

1,1046 


r 



; TABLE II, REAL-CAB I SENTROPTC EXPANSIONS OF PARAHVOFOGEN 

J 


t . 



D. (CONTINUED! 



j" . 

MACH 

local isentropic 

VISCOSITY 

thermal conductivity 

PRANDTL 



E > PAN SI ON COEFF. 

G/CM-SEC 

CAL/CM-SEC-K 

NUWBEP 

J '■ : : V 

0*000 

I 

.29071E-O4 

• 11020E-03 

.6885 


• 050 

1.6234 

•290526-04 

•110116-03 

•6885 

r 

.100 

1,6467 

•28997E-04 

.109846-03 

.6856 


• 150 

1,6585 

.289056-04 

• 10940E-03 

• 6887 


.200 

1.6520 

.28776E-04 

•10079E-Q3 

• 6588 

f 

r 

• 259 

1.6546 

.28613E-04 

. 10801E-03 

• 6890 

?; ■ 

* 

.300 

1 .6681 

.2841 56-04 

.107Q6E-03 

.6892 

i . 

.350 

1.6575 

•28184E-94 

• 105976-03 

.6896 


• 400 

1.6547 

•27922E-04 

.104726-03 

• 6901 

f 

.450 

1.6629 

•27629E-04 

• 10334E-03 

•6907 

i 

.500 

1.6626 

.27309E-04 

♦10099E-03 

.6972 

1 - : ■ 1 

.550 

1.659? 

.269626-04 

.994876-04 

.6975 

i 

.600 

1.6650 

• 26591E-84 

.97885E-04 

.6979 

II 

i 

.650 

1.6693 

,261996-04 

•96200E-04 

• 6983 

f. 

.700 

1.6667 

.257876-04 

•94455E-04 

.6969 

5 

.750 

1.669? 

.25358E-04 

. 926476-04 

.6995 


.000 

1.6727 

. 24914E-04 

•90796E-04 

.7003 

r 

.850 

1.6678 

•24457E-04 

.689126*04 

.7011 

' ' : 

. 900 

1,6714 

•23990E-04 

•86990E-04 

,7020 

; c.c >• 

.950 

1*6745 

.235156-04 

• 85020E-04 

.7033 

: i-i 

' ' r v- — j 

1.009 

1.6718 

• 230 3 4E *04 

.830296*04 

.7046 

i t. 

1.050 

1.6742 

•22548E-04 

.60774E-04 

.7066 


1.100 

1.6727 

.220596-04 

.78828E-04 

.7099 

; ^ Fy 

v. -- " 

1.150 

1.6758 

.215696-04 

.76097E-04 

.7112 

r 4 & 

1 .700 

1.6705 

•21089E-04 

•74984E-84 

.7124 

? r i 5 

1.250 

1,6754 

.205916-04 

,730976-04 

.7136 

.. 1; ^ 

1.300 

1.6727 

.201066-04 

.71239E-04 

.7147 

- ■ yi *4 

1 : •< ■? ^ Cm 

1.350 

1.6731 

•19624E-04 

•6941 36*04 

.7157 

l ^ V*- f -' l .O 

. . V \ ^ ■ 

1.40 0 

1.6731 

•19146E-04 

•67620E-04 

.7166 

t > * - • 

1.450 

1.6721 

.18674E-04 

• 658646*04 

.7174 

: V£ 

1,500 

1.6729 

•18208E-04 

.64147E-04 

.7101 

L. V. 

1 . 550 

• 1,6724 

, 17748E-04 

.624696-04 

.7166 

. ' rC: 

■ y 

1.600 

1.6709 

* 17295E-04 

•60833E-04 

.7190 

' 

1.650 

1.6735 

.16851E-04 

.59171E-04 

.7200 


1 ,700 

1,6677 

,164136-04 

•57531E-04 

.7212 

;1 

1.750 

1.6729 

.15985E-84 

• 55934E—04 

.7223 


1 .800 

1.6686 

.15564E-04 

, 54382E-04 

.7232 


1 .850 

1.6700 

. 151 53E-0*. 

.528726-04 

.7241 


1 . 90 0 

1.6729 

,147506-84 

.514066*04 

.7248 


1.950 

1.6676 

» 143566*84 

.499836-04 

.7254 


2.000 

1.6727 

.13972E-04 

.485606-04 

.7263 


1 
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TAPLE 

II. Z 

EAL-GAE 

ISENTROPTC 

EXPANSIONS OF PARAH7CROGEN 







£. TT 

= 80.0 K 

PT = 

3.0 ATM 

PHOT = 

• 925E-03 

G/CM3 

SVT = 714 

.525 M/SEC 




MACP 

PE/M 

7 

CP/CV 

SV/SYT 

F /PI 

T/TT 

R HO/ftWOT 

A+/A 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A* /A 










»*►*•*► **«*| 

RELATIVE TO 

IDEAL 

CAS VALUES' 


o.oan 

0. 

.9957 

1.5608 

1.0000 

l.oano 

l.ooon 

1.0000 

0.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

*050 

•917E+07 

.9957 

1.5611 

.9997 

•9980 

.9993 

• 9967 

• 0666 

1.0000 

.9998 

. i’99S 

1.0000 

1.0059 

.100 

.1836 *08 

.9956 

1.5619 

.9990 

.9923 

.9973 

.9951 

.1728 

1.0000 

.9993 

.•5)993 

1.0001 

1.0059 

.150 

. 27 3E + 08 

.9956 

1.5634 

.9977 

.9826 

.9938 

.9887 

.2572 

.9999 

.9981 

• 9983 

.9999 

1.9857 

.200 

.36 IE ♦■0 8 

.9956 

1.5655 

.9959 

.9696 

.9891 

.9804 

.3394 

.9999 

.9970 

.9970 

1.G001 

1.0059 

.250 

• 44 8r+£18 

.9955 

1.5681 

.9936 

.9528 

.9830 

.9694 

.4186 

.9998 

.9951 

.9953 

1.8000 

1.0057 

.300 

•531E+08 

.9954 

1.5713 

.9908 

.9328 

.9756 

.9563 

♦ 4941 

.9997 

.9929 

.993? 

1.0600 

1.0055 

.350 

•612E+08 

.9954 

1.5750 

.9875 

.9100 

.9669 

.9414 

.5655 

.9995 

.9905 

.9906 

1.0001 

1.0055 

.400 

* 690E+0 ft 

.9953 

1.5 T 9? 

.9836 

.88*3 

.9570 

.9243 

. 6322 

.9993 

.9674 

.9877 

1.0001 

1.0052 

.450 

.764E+08 

.9952 

1.5839 

.9793 

.8563 

.9460 

.9057 

.6937 

.9989 

.9840 

.9843 

£.0002 

1.0050 

.500 

. 834E+08 

.9951 

1.5890 

,9744 

• 8262 

.9338 

.8853 

.7498 

.9985 

.98 01 

.9805 

1.0002 

1.0045 

.550 

* 899E+0 8 

.9950 

1.5945 

.9690 

.7945 

.92 05 

.8637 

.8001 

.9979 

.9758 

.9762 

1.0003 

1.0041 

.600 

. 96 it + O 8 

.9948 

1.6003 

. 9631 

.7614 

.9062 

.8409 

.8447 

.997? 

.9712 

.9715 

1.0006 

1.08 36 

.650 

. 192E+Q 9 

.9947 

1.6064 

.9567 

.7274 

.8910 

.8172 

,8833 

.9963 

• 9663 

.9663 

1.0009 

1.0031 

• 700 

.107E+09 

,9946 

1.6127 

• 9*t98 

.6929 

.8750 

.7928 

.9162 

.9952 

.9612 

.9607 

1.0015 

1.0026 

• 750 

.U2E + 09 

.9945 

1.6190 

.9423 

.6581 

.8582 

.7678 

.9432 

.9939 

.9556 

.9546 

1.0023 

1.0020 

• BOO 

.116E+09 

.9943 

1.6253 

.9344 

.6233 

.8408 

.7423 

.9645 

.99?4 

.9501 

.9464 

1.0031 

1.0014 

.850 

. 120E+09 

.994? 

1*6316 

.9260 

.5866 

.8228 

.7166 

,9805 

.9907 

.9443 

.9417 

1.0042 

1.0007 

• 900 

• 124E+0 9 

*9941 

1,6376 

.9172 

.5550 

.8044 

.6911 

• 9915 

.9887 

.9387 

.9347 

1.0059 

1.0003 

.950 

• 127E+09 

*9939 

1 .6434 

.9079 

.5221 

.7857 

.6656 

.9979 

.9865 

.9332 

.9275 

1.9076 

1.0000 

1.000 

.1297+09 

.9938 

1.6488 

.8983 

.4902 

.7668 

.6405 

1.0000 

.9640 

.9279 

.9201 

1.0103 

1.0000 

1.050 

.132E+09 

.9937 

1.6538 

.8883 

.4594 

.74 77 

.6157 

.9981 

.9813 

.9228 

.9126 

1.0132 

l.OOtl 

1.100 

,134 s +0 9 

.9935 

1.6584 

.8780 

.4300 

.7286 

.5914 

.9927 

.9784 

.9180 

.9050 

1.0166 

1.0006 

1.150 

•135E+09 

.9934 

1.6625 

.8674 

.4019 

.7096 

.5676 

.9842 

.9754 

.9138 

.8973 

1*0207 

1.0014 

1.200 

.137E+09 

.9933 

1.6662 

.8566 

.3753 

.690* 

.5446 

.9731 

.9722 

.9101 

.6697 

1.0254 

1.0027 

1.25 0 

•138E+09 

.99 32 

1.6693 

.6456 

• 3501 

.6721 

.5222 

.9594 

.9688 

,9068 

.8621 

1.0306 

1.0043 

1.300 

.139E+09 

.993! 

1,6720 

.8346 

.3264 

.6536 

.5006 

.9441 

.9654 

.9043 

.6746 

1.0367 

1.0067 

1.350 

•139E+09 

.9930 

1.6743 

.8234 

.3041 

.6155 

.4798 

.9270 

.9618 

.9024 

.6672 

1.0434 

1.0095 

1.400 

. 140S+B9 

.9929 

1.6762 

.8122 

.2832 

.6178 

.4597 

.9085 

.9583 

.9811 

.8600 

1.0508 

1.0129 

1.45 0 

.140E+09 

• 9928 

1.6778 

.8010 

.2636 

.6004 

.4403 

.8868 

.9547 

.90 04 

.8529 

1.0568 

1.0167 

1.50 0 

.l40E+n9 

.9927 

1 .6790 

.7898 

.2453 

.5835 

.4216 

.8682 

.9511 

.9004 

,6460 

1.0674 

1.0212 

1.550 

.140E+09 

.9926 

1.6800 

.77 87 

.2282 

.5669 

.4038 

•8472 

.9475 

.9011 

.6393 

1.0770 

1.0264 

1.600 

.140E+B9 

.9925 

1.6807 

.7677 

.2123 

.550 8 

• 3867 

. 8255 

.9439 

.9024 

.8326 

1.0870 

1.0321 

1.650 

•139E+09 

.9925 

1.6 813 

. 7567 

.1975 

.5351 

.3703 

.8036 

.9404 

.9043 

. 8265 

1.0978 

1.0385 

1.700 

•139E+09 

.9924 

1.6817 

.7459 

.1837 

.5198 

.3546 

.7815 

.9370 

.9068 

.6203 

1.1091 

1.0453 

1.750 

.138E+09 

.9923 

1*6 82 0 

.735? 

.1709 

.5050 

.3395 

,7593 

• 9336 

.9099 

.8144 

1.1210 

1.0528 

1.80 0 

.138E+09 

.9923 

1.6822 

.7247 

• 1590 

.4907 

.3252 

.7373 

.9303 

.9137 

.60 86 

1.1330 

1.0610 

1.850 

•137E+09 

.9922 

1,6623 

.7143 

.1480 

.4767 

.3114 

.7153 

.9271 

,9179 

.0030 

1.1470 

1.0696 

1.900 

.1365+09 

.9922 

1.6824 

.7041 

.1377 

.4632 

.2983 

.6937 

.9239 

.9227 

.7976 

1.1609 

1.0789 

1.95 0 

.135E+09 

.992? 

1.6824 

.6940 

• 1262 

.4501 

.2868 

.672^ 

.9209 

.9278 

.7924 

1.1751 

1.0685 

2.00 0 

•134E+09 

*99»1 

1.6824 

.6841 

.1193 

,4374 

,2730 

.6511 

.9179 

.9336 

.7873 

1.1900 

1.0967 


TABLE II. REAL -GAS ISENTROPIC EXPANSIONS Of PARAHVOROGEN 


MACH 

LOCAL ISENTROPIC 

E. (CONTINUED* 
VISCOSITY 

THERMAL CONDUCTIVITY 

PFANOTL 


EXPANSION COEFF. 

G/CM-SEC 

CAL/CM-SEC-K 

NUMBER 

0.000 

I 

.360246-04 

.14646E-03 

.6981! 

.050 

1.5471 

.360066-04 

. 14635E— 03 

.6988 

• 100 

1.5699 

.359506-04 

•14597E-03 

•6980 

• 150 

1.5390 

•J5857E-04 

.145336-03 

• 6981 

.200 

1.5706 

•35728E-04 

.14445E-03 

•6961 

.200 

1.5563 

.35563E-04 

.143316-03 

• 6982 

.Y0O 

1.5594 

• 353616-04 

•14194E-03 

•6984 

• 350 

1,5715 

• 351246-04 

« 14052E-03 

•6978 

• 400 

1.5671 

•34853E-04 

•139036-03 

• 6964 

.450 

1.5745 

•34547E-04 

•13737E— 03 

.6950 

• 500 

1.5769 

.*42096-64 

.135536-03 

.6935 

• 550 

1.5833 

*338406-04 

.133546-03 

• 6921 

• 600 

1.5896 

.334406-04 

•131396-03 

.6907 

.610 

1,5944 

.330116-04 

. 12910E-03 

•6894 

* 700 

1,6037 

.37556E-04 

•126666-03 

• 6663 

.750 

1.6079 

• 32876E-04 

•124156-03 

• 6674 

.600 

1.6122 

.315746-04 

•121526-03 

•6666 

.650 

1.6173 

•310526-04 

•116866-03 

• 66Su 

.900 

1.6263 

• 305136-84 

•116226-03 

.6653 

.950 

1.6311 

•29959E-04 

.113526-03 

• 6658 

1.000 

1.6372 

•29393E-04 

.110776-03 

.6850 

1.050 

1.6406 

.288176-04 

•106006-03 

.6654 

1.100 

1.6459 

.262356-04 

.105236-03 

.6662 

1.150 

1.6493 

.276496-04 

.162466-03 

.6674 

1.200 

1.6540 

•278616-94 

.993256-04 

.6916 

1.250 

1.6543 

•26474E-04 

•96793E-04 

• 6921 

1.300 

1.6616 

.258886-04 

.942966-04 

.6929 

1.350 

1,6619 

• 253056-04 

•916506-04 

• 6936 

1.400 

1.6635 

•24728E-04 

.694566-64 

.6949 

1.450 

1.6633 

. 2415 €£-04 

.871026-04 

• 6960 

1 . 500 

1.6650 

•235926-04 

.047906-04 

• 6974 

1.550 

1.6665 

• 230 35E-04 

•025136-04 

•6990 

1.600 

1.6678 

.22466E-04 

.001726-04 

.7016 

1.650 

1.6665 

• 21946E-04 

.760406-04 

.7030 

1 . 70 0 

1.6676 

•214166-04 

.759666-04 

•7044 

1.750 

1.6665 

.206956-04 

.739536-04 

.7056 

1.80 0 

1.6714 

.20384E-04 

.719986-04 

.7068 

1.650 

1.6683 

.198826-04 

.701016-04 

.7079 

1.900 

1.6703 

•19392E-04 

.662566-04 

.7069 

1.950 

1.6671 

.1691 16-84 

.66468E-04 

.7098 

2.000 

1,6679 

.16440E-04 

.647346-04 

• 7106 






6. TT 

= 100,0 K 

PT V 

3,0 ATM 

PHOT - 

■ 738E-03 

G/CM3 

SVT = 773 

.711 M/SEC 




MACH 

R6/M 

z 

. r ‘ 

CP/CV 

sv/sirr 

P/FT 

T/TT 

RHO/RHOT 

A*/ A 

3V/SVT 

*+ +P » *+ * ^4 

P/PT 

RELATIVE TO 

T /TT 
IDEAL 

RH07RHOT 
GAS VALUES 

A+/A 

0.000 

0. 

. 9992 

1.4538 

1.0000 

1*0000 

It 9*0 ft. 

1.0008 

0.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

♦ 050 

.6745*07 

. . . 9992 

1.4540 

. 9998 

.9982 

f 9994 

.9988 

.0857 

1.0000 

1.0000 

.9999 

1,0000 

*99 40’ 

*108 

.1346*06 

. 9992 

1.4547 

. 9992 

,9927 

,9978 

.9949 

.1707 

1.0802 

• 9996 

. 9998 

• 9999 

.9940 

.16 D 

.7006*0 B 

.999* 

1.4559 

.998? 

.9879 

,9950 

.9889 

.2543 

1.0004 

.9995 

. 9994 

1.0001 

. 9944"' 

.20 0 

.2655*08 

.9991 

1.+575 

.9967 

.9715 

.9911 

.9604 

.3357 

1*0007 

. 99*10 

• 9990 

1.0001 

■9947 » 

*?5 0 

. ?29F *0 8 

. 9991 

1.4596 

.9949 

. 955 7 

.9861 

.9694 

.4141 

1.0011 

. 9982 

.9984 

.9999 

.9950 1 

*300 

.3906*08 

. 9990 

1 .4622 , . 

*9926 

.9370: 

.9800 

.9563 

.4891 

1.0015 

.9974 

.9976 

1.0000 

.9954 ' 

*i!>0 

.4495*08 

.9990 

1 .4653 

,9900 

.9154 

• 97? 9 

. .941? 

.5601 

1.0021 

.9963 

.9967 

• 9999 

•9959 ' 

.40 0 

.5055*08 

.9989 

1.4690 

.9570 

,6911 

.9646 

.9241 

.6266 

1.0026 

.9950 

.9955 

• 9990 

* 9964 ‘ 

.46 0 

.5596*0 B 

.9988 

1.4731 

. 9536 

.B6*6 

.9554 

.9053 

.6882 

1.0033 

.9935 

.9941 

• 9990 

.9970! 

• <Q0 

.6095*08 

.9987 

1.4778 

.9798 

.8358 

.9452 

.8847 

.7444 

1.0040 

.9914 

. 9924 

• 9994 

.9973: 

• 65 0 

.6575+08 

.9987 

1.4830 

.9756 

.8055 

.9340 

.8629 

.7953 

1.0047 

.9894 

.9905 

.9994 

•9900 " 

• 60 0 

.7006+08 

.9986 

1.4888 ■ 

.9710 

.7776 

.9219 

.8397 

. 8403 

1.0054 

.9866 

. 9882 

.9992 

.9984 " 

*650 

.7416+8 8 

,99a= 

1.495? 

.9661 

,7406 

.9088 

.8155 

.6796 

1.0061 

.9838 

.9856 

• 9980 

.9908 

•700 

.7786+08 

.9934 

1.5021 

.9609 

.7068 

.8949 

.7904 

.9130 

1.0068 

.9804 

.9826 

.9905 

. 9 9 92 

• 75 ill 

.8116+08 

.9983 

1.5096 

.9552 

.6724 

.8802 

.7646 

.9400 

1.D074 

.9765 

.9793 

• 9982 

.9995 •' 

• 60 0 

. 841E+0 8 

.998? 

1.5176 

,9491 

.6379 

.8647 

.73 85 

.9630 

1.0080 

,9724 

• 9754 

.9979 

.9999 

• 650 

.8685 + 08 

.9981 

1.5^61 

.9427 

.6073 

.8485 

.7116 

.9797 

1.0085 

.9677 

.9712 

.9975 

.9999 

.900 

*8916+08 

.9980 

1.5351 

.9359 

,5691 

.8317 

.6851 

.9912 

1.0069 

.9625 

. 9664 

.9972 

l.OOOfl 

• 950 

•9126+08 

.9979 

: 1.5444 

.92 88 

,5355 

.8143 

.6585 

• 9980 

1.0091 

,9572 

*9612 

- .9971 

1.0001 

1*00 0 

.929E+08 

• 997 8 

1 .5540 

.9213 

. 5 025 

.7963 

■ ,63?0 

1.0000 

1.009? 

.9513 

.9556 

.9969 

1.0009 

1*050 

.9436+08 

.9977 

1.5639 

.9134 

.4706 

.7780 

.6059 

.9980 

1.0991 

,9453 

.9495 

.9971 

1.0001 
1.8002 - 

1.100 

.9556+08 

. 9 q 7 6 

1.5736 

,9051 

.4399 

.7593 

.5803 

.9923 

1.0087 

.9392 

.9430 

.9976 

1*150 

.9656+08 

.9975 

1.5537 

.8965 

.4104 

.7403 

.5552 

.9831 

1.0061 

.9330 

• 9362 

• 9983 

1.0003 

1*200 

.972E+08 

.9974 

1.5934 

.8875 

.3823 

.7213 

.5310 

.9712 

1.0072 

.9270 

*9290 

.9997 

1.0008 

1,250 

.9776+08 

.9973 

1.60? 8 

.87 81 

. 355.6 

.70?? 

.5074 

.9566 

1.0060 

.9211 

.9216 

1.0014 

1.0013 

1.30 0 

• 9806+0 8 

.9972 

1.6117 

,8685 

.3305 

.6831 

.4847 

.9399 

1.0046 

.9156 

.9140 

1.0038 

1,0022 

1.360 

.9826*08 

.9971 

l.fe?01 

.8585 

• 3068 

.6642 

.4629 

.9215 

1.0029 

.9105 

.9064 

1.0067 

1*0035 

1.4*00 

,9826+08 


1.6279 

.8483 

• 2847 

.6456 

• 4420 

.9017 

1,0009 

.9061 

*0986 

1.0105 

1.0053 

1*460 

.9816+08 

.9969 

1.6350 

.8379 

.2641 

• 627* 

,4221 

,8808 

.9987 

.9024 

• 8910 

1.0151 

1.0076 

1*5^0 

.9796+08 

.9968 

1.6+14 

.8274 

.2449 

,6092 

,4030 

.8591 

.9963 

.8992 

• 0834 

1.0203 

1.0104 

1*558 

•976E+O0 

.9968 

1.6470 

,8167 

.2272 

.5916 

,3649 

.8366 

.9937 

.8969 

• 8759 

1.0265 

1.0139 

1*600 

.9726+08 

.9967 

1.6519 

.8059 

.2107 

,5745 

.3677 

.8143 

*9909 

,8955 

.8686 

1.0336 

l.oioo 

1.660 

*96 76+0 8 

.9966 

1.6562 

.7951 

.1935 

.5579 

.3513 

.7916 

.9881 

.0958 

.0615 

1.0416 

1.0230 

1.700 

.9626+08 

.9966 

1.6598 

.784? 

.1814 

.5416 

.3358 

.7690 

.9851 

.8954 

.0546 

1.0504 

1.0206 

1.758 

• 9566+0 6 

.9965 

1.6628 

.7734 

.1684 

.5259 

.3210 

.7463 

.9821 

.8964 

.0480 

1.0600 

1.0340 

1.80 0 

.9496+08 

.9964 

1.6653 

.7627 

.1563 

.5107 

.3070 

.7238 

.9791 

• 8983 

.8416 

1.0703 

1.0416 

1 *65 0 

.9426+08 

.9964 

1.6674 

.7520 

.1452 

,4959 

.2937 

,7817 

.9761 

.9010 

• 8354 

1.0815 

1,0492 

1.900 

.9355+08 

.9963 

1.6690 

,7415 

.1350 : 

.4 817 

• ?618 

.6800 

,9730 

.90 44 

.8295 

1.0935 

1.0576 

1.95 0 

*9276+08 

. 946 3 

1.6704 

.7311 

.1235 

.4679 

,26 69 

.6585 

.9700 

.9884 

• 8236 

1.1060 

1.0663 

? . onn 

■ 9206 + 0 fi 

.9963 

1.6714 

,7208 

.1167 

.4546 

.2575 

.6375 

*9671 

.9132 

.8183 

1,1193 

1.0750 


T4FL~ II. REAL-GAS ISENTROPIC EXPANSIONS OF PARAHYCROGEN 


MACH 

LCCAL I5ENTR0PIC 

F. (CONTINUED! 
VISCOSITY 

THERMAL CONDUCTIVITY 

PR A NOTE 


EXPANSION COtFF. 

G/CW-SEC 

CAL/CM-SEC-K 

NUMBER 

0.000 

I 

.42301E-O4 

• 19268E-03 

,7079 

.055 

1.4600 

.42284E-0*. 

•19254E-03 

.7079 

.100 

1.4398 

•42232E-04 

♦ 19213E-03 

.7077 

.150 

1.4669 

* 4214€t*04 

•19146E-03 

.7075 

.200 

1.4566 

•42026E-04 

♦19O52E-03 

.7071 

.250 

1.4572 

• 41871.6-04 

*1893 IE* 03 

.7067 

.300 

1.4611 

•41683E-04 

• 18785E-03 

.7062 

. 350 

1.4616 

. 414626-04 

• 18612E-03 

.7056 

.400 

1.4657 

.412076-04 

• 1 6415E— 03 

•7049 

.450 

1.4711 

.409196-04 

*181936-03 

.7042 

.500 

1.4703 

•40599E-O4 

.179476-03 

• 7034 

.550 

1.4820 

•40247E-04 

.176776-03 

.7026 

.600 

1.4832 

•39864E-04 

.173856-03 

• 7018 

.650 

1.4691 

•39450E-B4 

.170716-03 

• 7010 

.700 

1.495R 

•39005E-04 

.167376-03 

.7003 

.750 

1.5034 

•36532E-04 

.163926-03 

•6993 

.900 

1.5127 

•38031E-04 

.161356-03 

.6981 

.850 

1,5180 

. 37 50 3E -04 

.156626-03 

• 6972 

.900 

1.5266 

•36949E-04 

.152746-03 

• 6964 

.950 

1.5379 

» 36372E-04 

•148736-03 

• 6960 

1.000 

1.5442 

•35773E-04 

,144606-03 

• 6960 

1,050 

1.5560 

•35154E-04 

.140376-03 

•6965 

1.100 

1.5659 

•34517E-04 

.136876-03 

.6934 

1.150 

1.5741 

. 33 8 66 E- 04 

.133346-03 

.6907 

1.200 

1.5661 

•33204E-04 

*129786-03 

• 6684 

1.250 

1.5929 

• 32533E-04 

•12621E-03 

• 6667 

1.300 

1.6032 

•31857E-04 

•122646-03 

• 6655 

1.350 

1.6106 

• 3H78E-04 

• 11912E-03 

• 6648 

1.400 

1.6195 

.305006-04 

.115776-03 

•6639 

1.450 

1.6275 

•29826E-04 

•11246E-Q3 

•6836 

1.500 

1.6313 

,291 5 €€-04 

.109216-03 

•6636 

1.550 

1.6367 

.28494E-04 

•106036-03 

•6646 

1.600 

1.6436 

.27640E-04 

.102936-03 

• 6658 

1.650 

1.6501 

.271976-04 

,999156-04 

• 667* 

1.700 

1.6535 

• 26565E-04 

*969306-04 

• 6897 

1.750 

1.6553 

•25945E-04 

.942896-04 

•6905 

1.800 

1.6570 

•25337E-04 

•91732E-04 

• 6915 

1.650 

1.6605 

•2474*6-04 

.892576-04 

• 6926 

1*900 

1.6634 

•24159E-04 

•668656-04 

• 6936 

1.950 

1.6615 

. 235896-04 

• 84541E-04 

• 6951 

2.000 

1.6643 

. 23032E-04 

•82274E-04 

• 6967 






O O ■ 


Pfpy 





f 




TABLE 

IT. ? 

-AL-GAS TSS 

ntropic 

EXPANSIONS OF PARAHTOPOGEN 





£ 



G . IT 

= 200.0 K 

PT = 

3.0 ATM 

PHOT = 

. 368E-03 

G/CH3 

SVT =1856 

.041 M/SEC 





MACH 

PE/M 

7 

CP/CV 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A+/A 

sv/svr 

P/PT 

T/TT 

RMO/RHOT 

A*/ A 

ti 

fc- . 










— — - 

RELATIVE TO IDEAL 

GAS, VALUES——— 

!= 

0.000 

0. 

1.0020 

1.3467 

1.0000 

1.0000 

1.0000 

1.0000 

0.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

t. 

.050 

• 284E* , B7 

1. 0020 

1.3466 

.9998 

.998 2 

.9996 

.9986 

*0859 

1.0000 

1.0000 

1.0001 

.9999 

• 9957 

t 

.100 

.5665 ♦ 0 7 

t.nn+o 

1 .1465 

.9991 

.99+3 

.9983 

.9951 

.1710 

1.0001 

1.0003 

1.0083 

1.0000 

.9956 

$ 

ji. 

.15 0 

• B*.5E+ 0 7 

1.0020 

1.346+ 

.9979 

.98*9 

,9961 

• 98B7 

.2547 

1.0001 

1.0005 

1.0006 

.9999 

.9958 

pi 

.200 

,112E»08 

1.0020 

1.3461 

.9963 

.9735 

.9931 

.9803 

.3361 

1.0003 

1.0010 

1.0111 

1*0000 

.9960 

t, 

S.- 

.250 

.138E+08 

1.0019 

1 .3458 

.9942 

.958 8 

.9893 

.9693 

.4145 

1.0004 

1.0014 

1.0017 

.9999 

• 9960 


.30 0 

.1645+08 

1.0019 

1.3454 

.9917 

,9416 

.9847 

.9563 

.4896 

1.0006 

1.0022 

1.0024 

1.0000 

.9963 


.350 

.188E+08 

1.0018 

1.3449 

,98 88 

,9216 

.9793 

.941? 

.5604 

1.0 DO 6 

1.0030 

1.0033 

,9999 

.9965 


.400 

•211E+08 

1.0018 

1.3444 

. 9354 

,8991 

.9731 

.9241 

.6268 

1.0011 

1.0039 

1.0043 

.9996 

.9967 

[,. - 

.450 

•233E+08 

1.0017 

1.3439 

.9817 

,8745 

.9663 

.9053 

.6881 

1.00&4 

1.0049 

1.0054 

.9998 

.9969 

£: 

.500 

•253E+08 

1.0017 

1.3433 

.9776 

,8482 

.95 87 

.8850 

.7443 

1.0018 

1.0061 

1.0067 

.9997 

.9972 

> 

.55 0 

.272E+08 

1.0016 

1.7427 

.973? 

.8202 

.9506 

.861? 

.7949 

1.0022 

1,0074 

1.0061 

,9997 

.9976 

l 

.600 

•289E+0 8 

1.0016 

1.3421 

.9684 

.7907 

.9418 

.8400 

,8398 

1.0026 

1.0086 

1.0096 

.9994 

.9978 

f: 

• 650 

. 305E+08 

1.0015 

1.3415 

.96 33 

.7603 

.9324 

.8158 

.8789 

1.0031 

1.0099 

1.0112 

.9992 

.9981 

r ■ 

.700 

•319E+08 

1.0014 

1.3406 

.9579 

.7292 

.9226 

.7909 

.9124 

1,0037 

1.0115 

1.0130 

,9991 

* 9986 

i' 

.750 

•331E+08 

1.0014 

1.3403 

.9522 

.6975 

.91?? 

.7&5i 

.9401 

1.0044 

1.0129 

1.0149 

.9987 

.9986 


• B0Q 

.342E+08 

1.0111 

1 .3+97 

,9463 

.6656 

,9014 

.7389 

.9625 

1.0051 

1.0146 

1.0168 

.9965 

.9993 


.850 

•351E+08 

1.0012 

1.3392 

* 9+0? 

.6335 

.8902 

• 7122 

.9793 

1.0058 

1.0161 

1.0169 

.9960 

.9995 

■ ; 

.900 

•358E+08 

1.0012 

1.3388 

♦ 9338 

.6016 

.8787 

.6853 

.9910 

1,0067 

1.0176 

1.0210 

.9974 

■ 9996 


.950 

• 364E+08 

1.0011 

1.3384 

.9273 

.5701 

.866 8 

.65 83 

.9978 

1,0075 

1.0190 

1.0233 

.9967 

1.0000 


1.000 

.368E+08 

1.0010 

1 .338? 

,9206 

.5390 

*8546 

.6311 

1.0000 

1,0085 

1,0203 

1,0256 

.9956 

1.0000 


1.050 

•371E+Q6 

1.0010 

1.7380 

.9138 

,5086 

.8422 

.6045 

.9980 

1.0095 

1.0215 

1.0279 

.9946 

1.0000 


1.100 

•373E+0S 

1.0009 

1.3380 

.9069 

.4786 

.8295 

.5778 

.9918 

1.0106 

1.0223 

1.0302 

.9933 

.9996 


1.15 0 

•373E+08 

1 . 0 0 08 

•1.3382 

. 8998 

.4500 

.8166 

.5517 

.9822 

1.0118 

1.0231 

1.0326 

.9919 

.9993 


1.20 0 

•373E+08 

1.0008 

1.3386 

.8 926 

.4221 

.8036 

.5260 

.9695 

1.0130 

1.0237 

1.0350 

,990 3 

.9990 

ji . 

1.250 

• 371E+0 8 

1.0007 

1.339? 

.8854 

.3953 

.7903 

,5008 

.9537 

1,0143 

1.0239 

1.0373 

.9664 

.9963 


1.300 

.368E+08 

1.000+ 

1.3400 

.8781 

.3695 

,776 9 

.4762 

.9354 

1.0157 

1.0238 

1.0396 

.9662 

*9974 


1.350 

.364E+08 

1.0006 

1.3418 

.8707 

,3449 

.7635 

.4524 

.9151 

1.0 tn 

1.0236 

1.0416 

,9840 

.9965 


1.400 

.360E+08 

1.0006 

1.3423 

.8633 

.3214 

.7499 

.4292 

.8927 

1.0186 

1.0229 

1.0439 

.9613 

.9953 


1.45 0 

.355E+08 

1.0005 

1.3439 

,8559 

.2990 

.736? 

.4068 

.8687 

1.0201 

1.0216 

1.0458 

.9783 

.9937 


1.50 0 

.349E+08 

1.0005 

1.3458 

.84 84 

.2778 

.7225 

.3851 

.8433 

1.0216 

1.0198 

1.0476 

.9750 

*9919 


1.550 

.342E+08 

1.0004 

1.3481 

.8409 

.2577 

.7087 

.3642 

.8169 

1.0232 

1.0176 

1.0492 

.9714 

.9697 


1.60 0 

. 336E *0 6 

1.0004 

1.3508 

.8335 

.2368 

.6948 

.3442 

• 7898 

1.0249 

1.0146 

1.0505 

.9676 

.9674 


1.65 0 

.328E+Q8 

1.0003 

1.3540 

.8260 

,??09 

.6809 

.3249 

.7619 

1.0265 

1.0113 

1.0516 

.9632 

.9646 


1.700 

. 121E+08 

1.0003 

1.3575 

. 81 85 

.2041 

.6669 

.3066 

.7340 

1.0282 

1.0074 

1.0524 

.9589 

• 9616 


1.750 

.313E+0 8 

1.0002 

1.3616 

.8111 

.1884 

.6529 

.2890 

.7059 

1.0299 

1.0030 

1.0529 

.9543 

• 9787 


1 .800 

•305E+08 

1.0002 

1.3661 

.8036 

.1737 

,6389 

.2723 

.6777 

1.0317 

.9978 

1.0529 

•9494 

.9753 


1.850 

•297E*O0 

1.0002 

1.3712 

.7962 

,1599 

.6249 

.2563 

• 6497 

1,0334 

.9919 

1.0526 

• 9441 

.9714 


1.90 0 

.7B9E+0B 

l.ooni 

1.7769 

.7888 

.1471 

.6108 

,241? 

.6220 

1,0351 

.9854 

1.0516 

.9386 

.9674 


1.950 

.2B1E+08 

1.0001 

1.383? 

.7814 

.1351 

.5968 

.2268 

.5948 

1.0368 

.9782 

1.0506 

.9329 

.9631 


2.000 

.273E+08 

1.0801 

1.3901 

.7741 

.1240 

.5827 

.2133 

. 5681 

1.0365 

.9705 

1.0466 

.9271 

.95 87 




wn 


TUPL- IT, R- AL-G AS IS^NTPOPIC E XPANSIONS OF PAR AH Y0R06EN 


G, ( CONTINUED) 


MACH 

LOCAL ISENTPOPIC 

VISCOSITY 

THERMAL CONDUCTIVITY 

prandtl 


EXPANSION COEFF. 

G/CM-SEC 

CAL/CM-S6C-K 

NUMBER 

0 ,000 

I 

•68237E-04 

.373556-03 

.7025 

• 050 

1.3223 

.682136-04 

•37347E-03 

.7025 

.100 

1.3638 

•68153E-0* 

• 37322E-03 

.7025 

.150 

1.3M9 

•68052E-04 

.372816-03 

.7025 

.200 

1.7530 

,679136-04 

. 37224E-03 

,7025 

.250 

1,3445 

.67 734E-04 

.371516-03 

.7025 

*300 

1.3514 

. 67518E-04 

.370636-03 

.7025 

.350 

1.3472 

• 67265E-04 

,369616-03 

.7025 

.400 

1.3*61 

.669766-04 

.368446-03 

.7024 

.450 

1.3*60 

• 66653E-0* 

.367136-03 

.7023 

.500 

1.3470 

•66298E-04 

.36570E-03 

.7021 

.550 

1.3458 

.659116-04 

.364146-03 

.7019 

.600 

1.3*32 

• 654946-04 

.362186-03 

.7021 

• 650 

1.3*36 

.650496-04 

.359396-03 

.7037 

.700 

1.3447 

■ S4577E-04 

•356446-03 

.7053 

.750 

1.3421 

.640816-04 

. 35335E-03 

.7068 

.000 

1.3431 

• 63561E-04 

.350136-03 

.7084 

.350 

1.3415 

.63020E-04 

.346786-03 

.7098 

.90 0 

1.3*10 

. 62453E-R 4 

.343316-03 

.7112 

• 050 

1.3*03 

.618776-04 

.339786-03 

.7125 

1 ,060 

1.3393 

.61280E-C4 

.336146-03 

.7136 

1 .050 

1.3399 

■ 60655E-04 

.332426-03 

.7145 

1.100 

1.3380 

.600366-04 

.328626-03 

.7151 

1.150 

1.3393 

. 593936-04 

•32477E-03 

.7155 

1.200 

1.3397 

•58735E-04 

. 32087E-03 

.7156 

1.250 

1,3397 

.580696-0* 

.31691E-03 

.7153 

1.300 

1.3*01 

. 57.390 E-0 4 

.312916-03 

.7147 

1.350 

1.342* 

•56701E-04 

.308896-03 

• 7136 

1.400 

1.3*20 

•56002E-04 

.304836-03 

.7121 

1.450 

1.3436 

.552946-04 

.300746-03 

.7101 

1.500 

1.3449 

.545776-04 

.29664E-03 

.7076 

1.550 

1 . 3472 

.53651E-04 

•29012E-03 

.7103 

1.600 

1.3501 

•53116E-04 

.283536-03 

.7128 

1 .650 

1.3516 

» 52374E-04 

• 27693E-03 

.7148 

1 .760 

1.3568 

.516236-04 

•2703GE-03 

.7164 

1.750 

1.3608 

,508656-04 

.263666-03 

.7177 

1 , BOO 

1.3642 

.500996-04 

.257006-03 

.7185 

1 . 850 

1,3686 

. 49325E-04 

.250346-03 

.7189 

1.900 

1.3741 

• 48543E-04 

• 24367E-03 

.7189 

1.950 

1.3804 

.47753E-0* 

.236996-03 

.7184 

?.0fl(l 

1.3875 

. 469566-04 

.230316-03 

.7175 


TSRLS II 


REAL -GAS ISaMTROPTC EXPANSIONS OF PARAHYDROGEN 






H. TT 

= 300.8 K 

PT = 

3.0 ATM 

RHOT = 

.245E-03 

G/CM3 

SVT =1311 

.496 M/SEC 



MACH 

RE/M 

Z 

CP/C V 

SV/SWT 

P/PT 

T/TT 

RHO/RHOT 

A*/ A 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A*/A 











RELATIVE 

TO IDEAL 

GAS VALUES- 


0.000 

0. 

1.0018 

1.3699 

1.0000 

1.0000 

1.0000 

1.0000 

0.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

.050 

•179E+07 

1.0018 

1 .3652 

.9997 

,9982 

.9995 

.9987 

.0863 

1.0000 

1.0000 

1.0000 

.9999 

1.00Q8 

.100 

•357E+07 

1.0018 

1.3851 

.9990 

.9930 

.9901 

.9949 

.1719 

1.0000 

1.0000 

1.0001 

.9999 

1.0007 

.15 0 

. 532E+07 

1.0018 

1.3650 

.9977 

.9865 

.9957 

.9688 

.2559 

.9999 

1.0001 

1*0002 

1.0000 

1.0006 

.200 

.704E+07 

i.onir 

1.3847 

.9959 

.9727 

.9924 

.9802 

. 3377 

.9999 

1.0002 

1.0003 

.9999 

1.0007 

.250 

.871E+07 

1.001* 

1,3844 

.9937 

,9578 

.9881 

.9694 

• 4165 

.9999 

1.0004 

1.0005 

1.0000 

1.0007 

.xon 

• 10 3E+0 8 

1.0017 

1.3640 

.9909 

.9399 

.9830 

.9563 

.4916 

.9998 

1.0005 

1.0007 

,9999 

1.0006 

.350 

. 119E + 0 6 

1.0017 

1.3 93 6 

.9877 

.9194 

.9770 

.9412 

.5627 

.9997 

1.0007 

1.0009 

.9999 

1.0005 

.400 

.1336+08 

1,0016 

1.3830 

.9840 

.8967 

,9702 

.9244 

.6293 

.9996 

1.0012 

1.0012 

1.0001 

1.0006 

.450 

• 147E + 08 

1.0016 

1.3824 

.9799 

,8716 

.9626 

.9056 

.6907 

.9996 

1.0015 

1.0016 

1.0001 

1.0006 

.500 

•16GE+08 

1.0016 

1.3617 

.9754 

• 844 6 

.9543 

.8853 

.7467 

.9995 

1.0019 

1.0020 

1.0001 

1.0004 

.550 

.172E+08 

t.noi5 

1 .3*09 

.9705 

.8160 

.9453 

.9634 

.7970 

.9994 

1.0022 

1.0025 

1.0000 

1.0002 

• 60 0 

• 183E+0 8 

1.0015 

1.3901 

.9651 

.7862 

.9356 

.8405 

.8418 

.9993 

1.0028 

1.00 30 

1.0001 

1.0002 

.65 0 

•192E+08 

1.0014 

1..3791 

.95 95 

.7553 

.9254 

• 8164 

• 6 806 

.9992 

1. 0032 

1.0036 

1. 000 0 

1.0001 

.700 

.201E+08 

1.0014 

1 .3781 

.9535 

.7237 

.9146 

.7916 

.9137 

.9991 

1.0036 

1.0043 

1.0000 

.9999 

.750 

.2096+08 

1,0013 

1.3779 

.9472 

.6916 

.9034 

.7669 

.9410 

.9990 

1.0044 

1.0050 

.9999 

.9998 

,800 

.216E+08 

1,0 013 

1 .3757 

. 9406 

,6596 

.8917 

.7401 

.9631 

.9989 

1.0054 

1.0059 

1.0001 

.9999 

.85 0 

.222E+08 

1.0012 

1.3744 

.9337 

.6275 

.8797 

.7138 

,9797 

.9989 

1.0064 

1.0068 

1,0002 

.9999 

• 900 

.2266+06 

1.0012 

1.3730 

.9266 

.5957 

.8673 

.6873 

.9912 

.9968 

1.00 75 

1.0078 

1.0003 

1,0000 

.95 0 

.2305+08 

1.0011 

1 .3715 

.9192 

.5643 

.8547 

.6607 

.9979 

.9988 

1.0066 

1.0089 

1.0004 

1.0000 

i.oon 

.2336+06 

1.0010 

1 .3699 

.9117 

.5335 

.8418 

.6342 

1.0000 

.9987 

1.0098 

1.0101 

1.0004 

1.0000 

1*050 

.235tL + 08 

1.0C1G 

1.3683 

.9040 

.5034 

.82 B 7 

,6980 

.9961 

.996 7 

1.0112 

1.0114 

1.0005 

1.0001 

1.100 

• 236E + 0 B 

i .0000 

1.3666 

.8962 

.4742 

.8155 

.5620 

.9923 

.9988 

1.0125 

1.0129 

1.0005 

1.0001 

1.150 

•237E+0B 

1.0009 

1 .3648 

.8882 

.4459 

.8022 

.5563 

.9828 

.9968 

1.0136 

1.0144 

1.0003 

1.0000 

1.200 

. 236E + 0 6 

1.0006 

1 .3629 

.8802 

.4187 

,7889 

.5312 

.9703 

,9969 

1.0152 

1.0161 

1.0001 

.9999 

1.250 

. 235E + 0 8 

1.0008 

1,3611 

.8720 

.3925 

.7755 

.5067 

.9552 

.9990 

1.0168 

1.0176 

1.0000 

.9996 

1.300 

. 234E+06 

1.0007 

1.3591 

.8639 

.3-676 

.7621 

.4829 

.9379 

.9992 

1.0186 

1.0197 

1.0000 

1.0900 

1.350 

.232E+0B 

1.0007 

1.3572 

.8555 

.3437 

.7467 

.4596 

.9180 

.9994 

1.0200 

1.0216 

,9995 

.9997 

1.400 

.2296+08 

1.0007 

1 .3553 

.8473 

.3210 

.7354 

.4370 

.8965 

.9996 

1.0215 

1.0237 

• 9990 

.9995 

1.450 

.*266+08 

1.0906 

1.3533 

, 8399 

.2 995 

.7222 

.4151 

.8734 

.9999 

1.0230 

1.0256 

.9984 

.9992 

1.500 

.2226+08 

1. D 006 

1.3515 

.8307 

.2790 

.7090 

.3940 

.6491 

1.0003 

1.0243 

1.0281 

.9976 

.9907 

1.550 

.2106+08 

1.0005 

1.3496 

.8224 

.2597 

.6960 

.3737 

.8236 

1.0007 

1.0256 

1.0304 

.9966 

.9981 

1.600 

.2145+08 

1.0005 

1.3478 

.6142 

.2416 

.6630 

.3541 

.7978 

1,0011 

1.0267 

1*0328 

,9955 

.9974 

1.650 

• 2l0E + t)6 

1.0005 

1.3461 

.8060 

.2245 

.6703 

.3354 

.7713 

1.0016 

1.0278 

1.0352 

.9942 

.9967 

1.700 

.205E+08 

1.0004 

1.3444 

.7978 

.2084 

.6576 

.3173 

.7444 

1.0022 

1.0267 

1.0377 

.9927 

.9957 

1.750 

.2006+08 

1.0004 

1.3429 

.7897 

.1933 

.6451 

.3000 

.7171 

1.0026 

1.0290 

1. 0402 

.9906 

.9943 

1.000 

• 1956+88 

1.0004 

1.3416 

.7817 

,1792 

.6327 

.2636 

.6900 

1.0035 

1.0294 

1.0427 

.9086 

.9929 

1.850 

.1906+08 

1 .0004 

1 . 3494 

.7737 

• 1659 

.6205 

.2678 

.6630 

1.0042 

1.0294 

1,0452 

.9863 

.9913 

1.900 

. 18 5E+08 

1.0003 

1 ,7*93 

. 7659 

.1536 

.6064 

.2528 

.6363 

1.0050 

1.0293 

1.0477 

.9838 

.9896 

1.95 0 

.1796+38 

1.0003 

1.3385 

.7561 

.1421 

.5965 

.2385 

.6098 

1.0058 

1.0286 

1.05 02 

.9809 

.9075 

2.000 

• 1745 + 0 8 

1.0303 

1.3378 

.750 4 

.1313 

.5 648 

.2249 

.5637 

1.0067 

1.0275 

1.0526 

.9776 

.9050 


Tflptr ii 


REAL-GAS ISENTROPIC EXPANSIONS OF PARAHYOROGEN 


H. (CONTINUED! 



MACH 

LOCAL ISENTROPIC 
EXPANSION COEFF • 

viscosity 

G/CH-SEC 

thermal conductivity 

CAL/CM-SEC-K 

PRANDTL 

NUMBER 


o .ooo 

I 

.89634E-04 

•46160E-03 

.7098 


.050 

1.3661 

.6963ZE-04 

.46147E-03 

• 6896 


.100 

1.3842 

. 69545E-04 

•46109E-03 

.6896 


.15 0 

1.3923 

. 894 00 £—04 

.46045E-03 

.6897 


.200 

1.3838 

•89198E-04 

•45956E-03 

• 6896 


• 250 

1.3903 

.66940E-04 

.45843E-03 

.6899 


.300 

1.3638 

.886Z8E-04 

.45706E-03 

• 6900 


.350 

1.3860 

•88263E-04 

• 45547E-03 

• 6902 


,400 

1.3891 

•87847E-04 

.45365E-03 

.6904 


.450 

1.3855 

•87303E-O4 

•45163E-03 

• 6906 


.500 

1.3833 

•66872E-04 

•44941E-03 

.6908 


.550 

1.3814 

.8631 8E-04 

. 4470 IE-03 

.6911 


.600 

1.3834 

• 85722E-04 

.1,44446-03 

.6914 


.650 

1.3797 

.65086E-04 

• 44174E-03 

.6917 


.700 

1.3797 

•64418E-04 

•43902E-Q3 

.6919 


,750 

1.3777 

.83716E-04 

•43617E-03 

• 6921 


.000 

1*3797 

.82984E-04 

.43322E-03 

.6924 


.350 

1.3775 

•82225E-04 

. 43017E-03 

.6927 


.900 

1.3761 

• 81442E-0<+ 

•42704E-Q3 

.6930 


.950 

1.3740 

•80637E-04 

• 42363E-03 

.6933 


t.QDfl 

1,3721 

.79814E-04 

.4Z957E-03 

.6937 


1.050 

1.3715 

.78974E-04 

.41 7Z6E-03 

.6941 


1 .100 

1.3686 

• 781 22E-04 

.4139ZE-03 

• 6945 

"tr t* 

T 

1.150 

1,3660 

.77258E-04 

.41 054E-03 

.6949 

/ ' t J 

t . 200 

1.3643 

.76385E-0h 

•40716E-93 

.6953 

'.‘I- ‘ J - 

1.250 

1.3633 

.75505E-04 

•4D369E-03 

.6959 

1'; i-*. 

1 .70 0 

t .3633 

.74620E-04 

.39991E-03 

.6970 

£-■ v v : 

1 . 35 0 

1.3580 

.73732E-04 

•39612E-03 

.6980 

\TX 

1 .400 

1.3571 

.72841E-04 

• 39Z35E-03 

.6990 

WtS 

1.450 

1.3549 

•71949E-04 

. 3886DE-03 

•6990 

a# 

1,500 

i • 3527 

.71056E-O4 

. 38488E-03 

• 7006 

1.550 

1.3511 

.70168E-04 

• 381 1 9E-03 

• 7012 


1.600 

1*3491 

.69281E-04 

•37752E-03 

.7017 


1.650 

1.3479 

•68397E-04 

•37390E-03 

.7021 


1.700 

1.3461 

.675 17E-04 

.37032E-03 

.7022 


1.75" 

1.3428 

.66640E-O4 

•36677E-03 

.7020 


1.600 

1.343? 

•65768E-04 

•36327E-03 

• 7016 


1 . 850 

1.3419 

•64900E-04 

•356 JZE-03 

.7037 


1 . 900 

1.3416 

.64037E-04 

•35Z93E-03 

• 7065 


1.950 

1.3397 

. 63J, 79 c “0 4 

.34762E-03 

• 7090 


’.000 

1.3390 

•62325E-04 

.34236E-03 

.7112 


TAPLE T II 


S-AL-GAs ISEN t ROPIC EXPANSIONS OP PARAHVCPOGEN 




0 . TT 

=. 35.0 K 

PT = 

5.0 ATM 

phot = 

.3985-92 

G/CM3 

SVT - 467 

.465 H/SEC 




MACK 

-E/M 

Z 

CP/CV 

SV/SVT 

P/PT 

T/T7 

RHC/PHOT 

A*/ A 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A* /A 











RELATIVE TO 

IDEAL 

GAS VALUES- 


0.000 

0. 

. 5809 

1 .9 T 33 

1. 0000 

1.0000 

1.0DQG 

1.0000 

0. 0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

• OS fl 

.4805+08 

,8808 

1 .9737 

.99 95 

.9979 

.9991 

.9988 

,0 8 95 

,9998 

.9996 

.9996 

1.0000 

1.0372 

.100 

.P57E+08 

. BS97 

1 .9736 

• 9981 

.9914 

.9965 

.9950 

♦ 1 ?80 

.9991 

,9984 

.9985 

1.0000 

1.0364 

.15 0 

.143E+99 

.8836 

1 .9729 

.9957 

.9809 

.9923 

.9888 

.2647 

,997 9 

.9964 

.9967 

1.0000 

1.0352 

.200 

. 189E+0O 

. 8804 

1 .9 T 2 7 

.9924 

,9664 

.9864 

.9803 

.3488 

.9963 

.9938 

.9942 

1.0000 

1.0336 

.25 0 

,?35"+09 

.8831 

I.'*’?- 

.9 882 

.9-8 = 

.9789 

.9697 

.4294 

.99-3 

.9906 

.9911 

1.0003 

1.0318 

.too 

.?7<JF + 09 

,4TQO 

1 .077 n 

.9*31 

.9268 

.96 99 

,9566 

• 5058 

,9919 

.9865 

.9873 

1.0003 

1.0293 

.35n 

.3215. *0 9 

,8 795 

1.9716 

.9772 

.902- 

.95 95 

.9419 

.5775 

.9891 

.9822 

.9830 

1.0006 

1.0268 

.<.00 

.3fc3c>0 9 

.870? 

1.9712 

.9706 

.875- 

.9478 

.9254 

.6441 

.9860 

.9775 

.9781 

1.0012 

1. 0242 

.450 

.4025 4-09 

. 8788 

1.9716 

.9635 

.8-59 

.9349 

.9070 

.7049 

.9828 

.9721 

.9728 

1.0016 

1.0212 

# b 0 U 

. — nc-oq 

.8784 

1 .9717 

.9557 

.81-9 

■ 979 Q 

.8874 

,7601 

.9793 

.9666 

.9670 

1.0025 

1.0184 

.55 0 

,4?5E+09 

.8779 

1 .971 0 

.9473 

.7 875 

.9060 

.8666 

* 8 094 

.975 5 

.9611 

.9608 

1.0036 

1.0157 

.600 

.5Q9E+09 

.8775 

1 .9719 

.9384 

.7489 

.8902 

. 8445 

.8524 

.9715 

.9552 

.9542 

1.0048 

1.0128 

• 65 0 

. 541E+09 

,«7’0 

1.9721 

.9290 

.71-9 

.8736 

.8219 

,8696 

.9674 

.9-96 

.9474 

1.0067 

1.0103 

.700 

.570- 4-09 

.8766 

t . 9 T 2 1 

.9191 

.6885 

.6565 

.7985 

.9209 

.9631 

.9440 

.9-04 

1.0087 

1. 0079 

.750 

. 598t + 0 9 

. 876^ 

1 .9" r ?l 

.9089 

. 646? 

, 83 88 

.7745 

.9465 

.9587 

.9364 

.9332 

1.0110 

1.0056 

.803 

.624^+09 

.87j7 

1.9720 

.898'- 

.6122 

,820* 

.7503 

.9667 

.9542 

.9332 

.9258 

1.0139 

1.0037 

• 8? G 

.6475 4-flo 

.3 TP 3 

1.971’ 

• 88 76 

.5788 

.8024 

.7259 

.9819 

.9496 

.9263 

.9183 

1.0173 

1.0022 

.900 

.6696 >09 

.87-9 

1.9712 

.8 766 

.5462 

.7839 

.7016 

.9922 

.9-5 0 

.9238 

.9108 

1.0711 

1.0010 

.95 0 

.68954-09 

.87-5 

1 .9706 

.8654 

.51-6 

.765? 

.6773 

.9983 

.9403 

.9198 

.90 33 

1.0256 

1.0004 

1 .000 

.707E4-09 

, 8741 

1 .9698 

.8541 

.4 8-0 

.7-66 

.6533 

1.0002 

.9356 

.916? 

.8959 

1.0305 

1.0002 

1.050 

• 724E +0 9 

, 8738 

1.9687 

.8426 

. 45-5 

,7280 

. 629- 

.9982 

*930 9 

.9129 

.8885 

1.0358 

1.0003 

1.100 

,739 r +09 

.8735 

1.9674 

.8311 

.426- 

.7095 

.6060 

.9932 

.9262 

.910- 

.8812 

1.0418 

1.0011 

1.150 

. 7525*09 

.8732 

1.9660 

.8196 

.3 996 

.6912 

.5832 

.9853 

.9216 

.9085 

.8740 

1*0485 

1 . 00 25 

1.790 

.7645+09 

.«730 

1 .9645 

.8080 

.37-1 

.673? 

.5608 

.9747 

.9170 

.9072 

.8670 

1.0558 

1. 0044 

1.25 0 

.7745+09 

.8727 

1.9628 

.7965 

.350 0 

.6554 

.5389 

.9619 

.9125 

.9065 

.8602 

1.0636 

1.0068 

1.300 

.7835+09 

.8725 

1.961 1 

.7851 

.3271 

.6379 

.5176 

.9471 

.9081 

.9063 

.6536 

1.0720 

1.9099 


SATUff ATI ON ' OUNOARV REACHED. 


TAPLF III. R- AL-GAS IS'NTROPIC EXPANSIONS Of PARAH YCROGEN 


A. < CONTINUED* 


4ACH 

LOCAL ISENTROPIC 
EXPANSION C05FF. 

VISCOSITY 

G/CM-SEC 

THERMAL CONDUCTIVITY 
CAL/CH-SEC-K 

PRANOTL 

NUMBER 

n.ooo 

I 

■ 19442E-04 

• 72465E-04 

.8131 

.050 

1.7253 

•19381E-04 

• 72223E-04 

• 6133 

.100 

1.7009 

•19335E-04 

. 72035E-04 

.6135 

.150 

1.7153 

• 192566-04 

•71725E-04 

• 6139 

.200 

1.7171 

.19152E-04 

•71293E-04 

• 6144 

.250 

1.7271 

, 190176-04 

•7Q745E-04 

.6152 

.300 

1.7043 

■ 1 8854E-04 

•70075E-04 

.8161 

.350 

1.7170 

• 1 8666E-04 

• 69297E-04 

• 8174 

*400 

1.7175 

.16454E-04 

• 68414E- 04 

.8189 

. <»5 0 

1.7017 

•18219E-04 

.6742JE-04 

• 8206 

.500 

1.7119 

• 17963E-04 

* 66344E- 04 

• 8223 

.550 

1.7112 

• 17689E-0 * 

•65364E-04 

.6221 

,600 

1.7031 

•17397E-04 

• 6430 7E-04 

• 6219 

.650 

1.7096 

• 17091E-04 

•63183E-04 

.8219 

.700 

1.7040 

•16772E-04 

•61994E-Q4 

• 6221 

.750 

1.7005 

• 1 6441 E-04 

•60748E-04 

.6226 

.800 

1.7010 

• 16101 E-0 4 

•59454E-04 

.8233 

• 550 

1.699ft 

. 15755E-04 

• 581 18E-04 

.8244 

.900 

1.6975 

. 15402E-04 

•56750E-04 

.6258 

.950 

1.6971 

• 150 46E-04 

• 55390E-04 

.3270 

1 ,00 0 

1.69*2 

• 1 468 8E-0 4 

* 54Q10E-04 

• 8286 

1.050 

1.6871 

•14328E-04 

• 5260 9E-04 

.8276 

1.100 

1.6890 

• 13969E-04 

•51551E-04 

.8277 

1.150 

1,6869 

• 13611E-04 

•5O239E-04 

.8290 

1.200 

1.6835 

•13256E-04 

.466836-64 

• 6316 

1.250 

1.6799 

. 12905E-04 

.47492E-04 

.8354 

1.300 

1.6*66 

. 12557E-04 

.46076E-04 

• 6405 


SATURATION BOUNDARY REACHED 


"s ra- 


s' ' 

t- 






TASLI III. PEAL-GAS I5£NTR0<»IC EXPANSIONS OF PARAHYQROGEN 


li 



e. tt 

= 40.0 K 

PT = 

5.0 ATM 

phot - 

•334E-02 

G/CM3 

SVT * 509 

1.634 M/SEC 



+; 

MACH 

RE/M 

? 

CP/CV 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A*/ A 

SW/SVT 

P/PT 

T/TT 

RHO/RHOT 

r 

it 











RELATIVE TO 

IDEAL 

GAS VALUES 

f 

o.oso 

0. 

. 91 99 

1.6676 

1.0000 

1 .0000 

1.0000 

1.0000 

0.0000 

1.0000 

1.0000 

1.0000 

1,0000 


.05 0 

.3955+0 6 

.9198 

1.8676 

.9995 

.9979 

.9991 

.9983 

.0894 

.9998 

.9996 

.9996 

1.0000 


.100 

.78 65+0 6 

,91 98 

1.8675 

»9 n 81 

.9914 

.9966 

.9950 

.1778 

.9991 

.9964 

.9986 

.9999 


.150 

.118E+09 

.91 96 

1.8674 

.9950 

.9811 

.9923 

,9889 

♦ 2645 

.9981 

.9966 

. 9968 

1.0001 

l 

.20 0 

. 156c +0 9 

.9195 

1.8673 

.9926 

.9666 

.9864 

.9804 

.34 85 

.9966 

.9940 

. 9943 

1.0001 

1 

.25 0 

.1935+09 

.9193 

1.8671 

.9885 

.9486 

.9789 

.9695 

.4290 

.9947 

.9906 

.9912 

1.0001 

1 

.300 

. Z29C+09 

.9190 

1,8670 

.9836 

.9272 


.9569 

.5055 

.9924 

,9869 

.9874 

1,02s.. 

1 

. 350 

.265E+09 

.9187 

1.8667 

.9779 

.9026 

,9596 

.9420 

.5773 

.9898 

.9826 

.98 31 


[ 

.40 0 

.298E+09 

.9184 

1.8664 

.9714 

.0756 

.9479 

.925? 

.6437 

.9869 

.9777 

.9702 

1.0010 

I 

.45 0 

. 331E+0 9 

.9181 

1,6660 

.9643 

. 8463 

.935 0 

.9069 

.7047 

.9836 

.9725 

.9729 

1.0016 

t 

.500 

.361E+09 

.9177 

1.8656 

.9565 

.8154 

.9210 

.8874 

.7599 

,9801 

.9672 

. 9671 

1.0025 

f 

.550 

. 390E+0 9 

• 91 , 4 

1.8651 

.9481 

.7829 

.9061 

.8664 

.8090 

.9764 

.9616 

.9609 

1.0034 


.600 

.418E+09 

.9170 

1.8646 

.9392 

.7495 

.8903 

*8445 

.8521 

.9725 

.9560 

.9544 

1.0048 

i 

.650 

•444E+09 

.9166 

1.8641 

.9299 

.7155 

• 873 P 

.8218 

.8093 

.9684 

.9504 

.9476 

1.0065 

s. 

.700 

•468E+09 

.9162 

1.8634 

.9201 

.6811 

.8567 

.7983 

.9206 

.9641 

.9446 

.94 06 

1.0085 

1: 

.750 

.49GE+09 

.9158 

1.8623 

.9099 

*6470 

.8390 

.7745 

.9464 

.9598 

. 9396 

.9334 

1.0110 

1|; 

.60 0 

.5105+09 

.9155 

1.3624 

.8996 

,6129 

.8210 

. 7501 

.9666 

.9554 

.9342 

.9261 

1.0137 

it" 

.650 

.529E+09 

.PI 51 

1.8621 

.8889 

.5794 

.8026 

.7256 

.9817 

.9510 

.9292 

.9186 

1.0168 


.900 

.547E+09 

.9148 

1.8618 

.8781 

.546 7 

.7840 

.7012 

. 9922 

• 9465 

.9246 

.9110 

1.0206 

S 

.950 

.563 c +09 

.9144 

1.8614 

.8671 

.5149 

,7653 

.676 T 

.9981 

.9421 

.9203 

.90 34 

1.0247 

1 

1.000 

.577E+09 

.9141 

1.8611 

*8559 

.4841 

.7465 

.65 7 5 

1,0000 

.9376 

.9164 

. 8959 

1.0293 

f 

1.050 

.590E+09 

.9! 33 

1.6606 

.8446 

*4545 

.7278 

.6286 

.9982 

.9331 

.9129 

.8883 

1.0345 


1.100 

.6026+09 

.9136 

1.8601 

.8333 

.4 262 

.7092 

• 6051 

.9932 

.9287 

.9100 

• 88 06 

1.0403 

1- 

1.15 0 

• 612E+0 9 

.9133 

1.8595 

.8219 

♦ 3992 

•.6907 

.5820 

.9851 

.9243 

.99 75 

. 87 34 

1.0465 

1 

1.200 

.621F+09 

.91 31 

1.8589 

.61 06 

.3775 

.6724 

.55 96 

.9745 

.9199 

.90 57 

.8661 

1.0535 

!' 

1 . 250 

. 629E+0 9 

.9179 

1.8581 

.799? 

.3491 

.6544 

.5376 

.9616 

.9156 

.9043 

.85 89 

1.0609 


1.300 

.636E+Q9 

. 9 1 2 7 

1.8572 

.7879 

.3261 

.636 7 

♦ 5163 

.9468 

.9113 

.90 36 

.8518 

1.0691 


1.35 0 

►E42E+09 

,9126 

1.8562 

.7766 

• 3 Q"*-4 

.6192 

.4955 

.930 2 

.9072 

.90 34 

. 8449 

1.0777 


1 .40 0 

•646E+09 

.9124 

1.8652 

.7654 

.2840 

.6022 

.4755 

.9123 

.9031 

.90 38 

. 8382 

1.0870 


1.450 

.652E+09 

.9123 

1.6541 

.7543 

.2648 

.585* 

.4560 

.8931 

.8991 

.9047 

.8317 

1.0967 


1 .50 0 

, 655E + 0 9 

.9122 

1.0530 

. 7434 

.2469 

.5692 

.4374 

,8733 

.8951 

.9064 

.8253 

1.1074 

[; 

1.550 

•658E+09 

.9122 

1.B51B 

.7325 

.2301 

.5533 

.4193 

.8525 

.8913 

.9063 

.8191 

1.1183 


1.600 

. 661E+0 9 

.9121 

1.8507 

.7219 

• 21.4 

.5376 

.4020 

. 8313 

• 8876 

.9111 

.6132 

1,1300 

I 

1.650 

.662E+09 

.9120 

1 .8496 

.7113 

.1997 

.5227 

.X853 

.8097 

.8840 

.9143 

.80 74 

1,1422 

f . 

1.700 

,6635+09 

.9170 

1,8485 

.7009 

.I860 

.5081 

,3693 

.7879 

.8805 

,9182 

.8018 

1.1551 


SATURATION BOUNDARY REACHED. 


A* /A 


1.0000 
1.0360 
1.0352 
1.0343 
1.0327 
1.0306 
1. 0266 
1.0264 
1.0236 
1.0206 
1.0161 
1.0152 
1.0125 
1.0100 
1.0074 
1.0055 
1.0035 
1*0020 
1.0010 
1.0002 
1.0000 
1.0802 
1.0010 
1.0023 
1*0042 
1.0065 
1.0096 
1.0130 
1.0171 
1.0217 
1.0271 
1.0320 
1*0393 
1.0462 
1.0536 


r 



T ABLE III. REAL-GAS tSENTPOPTC EXPANSIONS OF PARAHYQPQGEN 

6. < CONTI MJEOl 



HACh 

LOCAL ISENTROPIC 
EXPANSION COEFF. 

VISCOSITY 

G/CM-SEC 

THERMAL CONDUCTIVITY 
CAL/CM-SEC-K 

PPANOTL 

NUMBER 


TJ * 0 00 

I 

.21553E-04 

.79421E-04 

• 7683 


.050 

1.7137 

.21469E-04 

• 79158E- 04 

.7685 


.100 

1.5575 

.21440E-04 

• 78955E-04 

.7687 


.150 

1.7263 

•21359E-04 

.78623E-0* 

.7690 


.200 

1.7068 

.2t?*6E-04 

. 78159E-04 

.7694 


.250 

1.7045 

.211O2E-04 

.77570E-CK 

.7699 


• 300 

1.7170 

•2093OE-O4 

,76864E*04 

,7706 


.350 

1.7093 

.20730 £-04 

.7604 3E-04 

.7714 


.400 

1.7020 

.20504E-04 

. 75150E-O4 

.7718 


.450 

1,7039 

•20253E-O4 

• 7417 4E-04 

.7725 


.500 

1.7080 

• 19981E-04 

•73093E-04 

.7733 


.550 

1.7904 

.1968BE-04 

.71953E-04 

.7740 


.600 

1.7023 

•19377E-04 

• 70742E-04 

.7748 


.650 

1.7025 

.19050E-04 

.69464E-04 

.7757 


.700 

1.6965 

•18709E-04 

• 68127E-04 

.7768 


.75 0 

1*7010 

•18355E-Q4 

.6674 3E-04 

.7780 


.80 0 

1.6924 

•17992E-04 

« 65315E-04 

.7793 


.950 

1.6935 

•17619E-04 

• 63869E-04 

.7803 


.500 

1.6541 

•17239E-04 

• 62466E-04 

.7805 

C ' 

. 550 

1.6913 

• 16855E-04 

•61O72E-04 

.7803 

^ ■?. 

1.000 

1.6904 

•16466E-04 

.59646E-04 

• 7604 

■f ■ ' 

r " V 1. 

1.050 

1.6892 

• 16D76E-04 

•58194E-04 

.7808 

*'>•. .4— 

t.lflf! 

1.6891 

.156 85 £-04 

•56723E-04 

.7814 

l: ! 

1 .15 0 

1.6862 

. 15295E-04 

• 55238E-04 

.7824 


1.200 

1.6069 

.14906E-04 

.53749E-04 

• 7836 

1 . Vj 

1.250 

1.6838 

• 1452OE-01* 

-52260E-04 

.7851 

£ BJ 

1.300 

1.6840 

. 141 37£-04 

,;9857E-04 

.7857 

v|?;‘ 

1.350 

1,6799 

•13759E-04 

.49427E-0h 

.7871 


1.40 0 

1.6799 

.13386E-04 

•47973E-04 

.7895 


1*450 

1.6767 

• 13019E-04 

.46559E-04 

.7917 


1,500 

1.6791 

• 12658E-04 

• <*524 9E-04 

.7930 


1 .550 

1.6722 

.17304E-04 

• 43955E-04 

.7945 


1.500 

1.6741 

• 119S7E-0 <+ 

•42687E-04 

.7963 


1.650 

1.6714 

. 11617E-04 

.4 1444E-04 

.7984 


1.700 

1.6707 

.iiaftse-o* 

.40228E-04 

.8008 


SATURATION BOUNDARY REACHED 



TAPLrT tii 


SEAL-GAS IS'NTROPIC EXPANSIONS OF PAPAHVCPQGfN 


C. TT = 63,0 K PT = 5.0 ATM PHOT = .2Q9E-0? G/CMJ SVT = 634. *56 M/SEC 


MACH 

PE/M 

7 

CP/CV 

SV/SVT 

P/PT 

T/TT 

9 H (VP HOT 

A*/A 

SV/SVT 

P/PT 

T/TT 

R HQ /PHOT 

A* /A 












1 U i Ut AL 

bAb VAUUtb 4 


0.000 

0, 

.9 774 

1 .7017 

1.0000 

1 > B OO 0 

1.0000 

1.0000 

0.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

.050 

. 7? 6F *0 0 

.9774 

1.7H? 7 

.9996 

. 99 7 9 

.999? 

.9987 

,0 885 

,9999 

. 9996 

.9997 

.9999 

1.0259 

.100 

. 4521+00 

.9773 

1.7028 

.9985 

.9916 

.9968 

.9949 

.1761 

.9995 

.9986 

. 9987 

.9999 

1.0256 

,15 0 

.674E+0 8 

.9773 

1.7035 

. 9966 

.9815 

• 992 7 

* 963 5 

.2621 

.998 6 

.9970 

. 9972 

1.0000 

1.0248 

.200 

» 893E + Q 0 

• 97 7 1 

1.714-6 

.9940 

.9674 

,9871 

.9603 

.3455 

.9979 

.9948 

.9950 

1.0000 

1.0239 

.250 

, 11 1E+Q9 

.9770 

1.7059 

.9906 

.9498 

.98 On 

.9696 

• 4?58 

.9967 

.9920 

.9923 

1.0002 

1.0229 

.300 

.131E+n9 

.9768 

1 .7177 

.9365 

.9277 

.9714 

.9566 

.5023 

.9953 

.9866 

.9889 

1.0003 

1.0215 

,350 

. 151E+0 9 

.9766 

1.7090 

,9817 

.9947 

.9615 

.9417 

.5 737 

.9936 

.9847 

.9850 

1.0005 

1.0200 

.400 

. 171E+09 

.9764 

1.7108 

■ 9 7 62 

.6760 

.95 02 

.9249 

.6404 

.9917 

.9003 

. 98 06 

1.0007 

1.0163 

.450 

.189E+09 

.9762 

1.7126 

.970 0 

.8469 

.9377 

• 90 6 4 

.7015 

.9894 

.9754 

.9757 

1.0010 

1.0163 

.50 0 

• 206E + 0 9 

.975 9 

1 ,7145 

.9637 

,8180 

.9241 

.8366 

.7571 

.987n 

. 97 03 

.9703 

i.ooie 

1.0143 

.550 

•223E+0 9 

.9756 

1 , 7 165 

• 9558 

.7856 

.9099 

. 8 6,5 4 

.8066 

.9842 

.9649 

. 9644 

1.0023 

1.0123 

.600 

.238E+09 

,°753 

1,7183 

. 9478 

.7572 

.6939 

.8433 

.8503 

.9013 

.9595 

.95 82 

1.0034 

1.0103 

.650 

.2522+09 

.9750 

1.7201 

.9797 

.7180 

,6775 

.8202 

.8879 

.9781 

.95 38 

.9517 

1.0046 

1.0063 

*700 

. 266t +0 9 

.9747 

1 .7717 

. 9307 

• c 836 

.8605 

.7965 

,9196 

.9747 

.9402 

.9449 

1.0053 

1.0064 

.750 

.?7Br +09 

.9 744 

1.7237 

.970 8 

.6491 

.8430 

.77*4 

.9457 

.9712 

.9427 

.9378 

1.0063 

1.0047 

.800 

.2895+09 

.9741 

1.7245 

. 9109 

.6148 

.8249 

.7478 

.9662 

.9674 

,9372 

.9305 

1*0106 

1.0032 

.850 

.2995+09 

. 9 7 38 

1.7256 

. 9007 

.5812 

.6066 

.7232 

, 9817 

.9636 

.9321 

.9231 

1.0134 

1.0019 

.90 0 

. 308E + 0 9 

.9735 

1.7765 

.890? 

.54P2 

,76 8 ft 

.693* 

.9921 

.9596 

.9271 

.9156 

1.0166 

1.0009 

.950 

.31 65+09 

,973-J 

1 . 777 ? 

. 8 7 94 

.5161 

.769? 

.6779 

.9982 

.9555 

.9225 

.90 80 

1.0203 

1.0004 

1.000 

.324E+0 9 

,07*0 

1 ,7 7 7B 

.8665 

.4351 

.7504 

.6494 

1.0000 

.9514 

,9102 

. 90 04 

1.0244 

1.0000 

1.050 

.3306+09 

. 9 7 27 

1.7782 

.6574 

.4553 

.7315 

.6254 

,9982 

.9472 

.9145 

.8929 

1.0292 

1.0003 

1.100 

,3365 + 09 

• 9 77 4 

1.72P5 

.6462 

.4266 

.7128 

.6018 

.9931 

.9430 

.9112 

. 0853 

1.0345 

1.0010 

1.150 

.3415+09 

.972? 

1.72P6 

. 8349 

.3995 

.694? 

.5 786 

.9850 

.9388 

.9004 

.8778 

1.0404 

1.0022 

5 .?no 

• 7 45E + H 9 

, 9 7 7 0 

1.7746 

, 8775 

.3737 

.675 " 

.5560 

.974? 

.9146 

.9062 

.8705 

1.0468 

1*0039 

1.250 

. 3-.8- + 0 9 

.9718 

1 »72 B 6 

.8122 

.3492 

.6577 

.5340 

.9612 

.930 5 

.90 44 

. 6632 

1.0539 

1.0062 

1 .300 

.3^11+09 

.9716 

1,7784 

. 8008 

.3260 

.6398 

.5127 

.9463 

.9264 

.9033 

.85 60 

1.0616 

1.0091 

1.350 

.3535+09 

.9714 

1.778? 

.7396 

.3042 

.6277 

.*919 

.9296 

.9223 

,90 26 

.0490 

1.0697 

1.01f3 

1.400 

. 7 5SE+D9 

.971 ? 

1.7780 

.r-'B* 

.7836 

,60 51 

.4718 

.9115 

.9183 

. 90 2 5 

.8421 

1.0765 

1.0163 

t .450 

.35 7' +0 9 

.9711 

1,7777 

.7672 

.2643 

.5881 

.4524 

.8923 

.9144 

. 9030 

.8354 

1.0879 

1.0208 

1.500 

, 35 8”+ 0 9 

,9709 

1.7774 

.7562 

.2462 

.5716 

.4336 

.8721 

*9106 

,9038 

.82 86 

1.0976 

1.0257 

1.550 

.358E+09 

.9708 

1.7270 

.7453 

.2293 

.5555 

.4156 

.8513 

.9069 

.9055 

.8224 

1.1064 

1.0314 

1.600 

.35 85 + 09 

.9707 

1.7768 

,7345 

.2135 

.5*90 

.3903 

.8299 

. 90 3? 

.90 75 

.8162 

1.1195 

1.0376 

1 .650 

. -*585+09 

.9706 

1.7765 

.723 9 

.1 9P8 

.5745 

.3816 

• 8182 

• 09 q 7 

.9101 

.8101 

1.1313 

1.0443 

1.700 

,3 c 8E+09 

.9705 

1.7762 

.7134 

• 1 850 

.5096 

.3656 

.7862 

.8962 

, 9131 

,0042 

1.1435 

1.0516 

1.750 

.3575+09 

.9704 

1.7259 

.7031 

. 1722 

.4951 

.3503 

.7642 

.8928 

.9168 

.7984 

1.1565 

1.0595 

1.800 

•356E+09 

• 970* 

1.7756 

.6929 

.1603 

.4011 

.3355 

.7421 

.8896 

.9208 

.7928 

1.1699 

1.0678 

1 .850 

• *551 + n 9 

.9703 

I .7753 

.6879 

.149? 

.4674 

.3215 

,720? 

.6664 

. 92 55 

.7674 

1.1839 

1.0768 

1 .90 0 

.3545+09 

.970 ? 

i. 7 ?49 

.6731 

.1369 

.454? 

.3080 

.6984 

,8833 

.93 06 

.7021 

1.1985 

1.0863 

1 .950 

.3525+09 

. 9 7 0 7 

1 .7746 

• 6635 

.129? 

.4^14 

.29P? 

.6771 

.6803 

.9364 

.7771 

1.2139 

1.0965 

2.000 

. 351-+09 

.971? 

1.7243 

.6540 

.1205 

.4290 

• 78 29 

.6560 

.8774 

.9425 

.7721 

1.2297 

1.1070 


Os poor Qi'Aury 


T A RLE Til. REAL-GAS ISENTROPIC EXPANSIONS OF PARAHYCPOGEN 

C. ICONTlNilEOI 


MACH 

LOCAL IS6NTR0PIC 

VISCOSITY 

thermal conductivity 

PMNOTL 


EXPANSION COEF^* 

G/CM-SEC 

CAL/CM-SEC-K 

NUMBER 

0,0011 

I 

.293646-04 

* 11 279E- 03 

• 6931 

,050 

1.6368 

.29287E-04 

.112425*03 

.6931 

,100 

1.6554 

.29230E-04 

• 11 214E-0 3 

•6931 

,150 

1.6718 

.29135E-04 

• 11169E-03 

.6932 

,200 

1.6664 

.290046-04 

.111066-03 

• 6933 

, 250 

1.6740 

» 28836E-04 

.110266*03 

• 6934 

.300 

1 • 6651 

• 28 633E-04 

♦10929E-03 

.6936 

• 350 

1.6705 

.28397E-04 

.108176-03 

• 6939 

,*♦00 

1.669? 

.78128E-04 

• 106 89E-03 

• 6943 

,450 

1.6679 

•27829E-04 

. 105475-03 

.6949 

.500 

1.6738 

.27501E-04 

.102545-03 

.7050 

.55 0 

1.6718 

.27147E-04 

• 1Q100E-03 

• 7052 

.500 

1.6774 

.26769E-04 

• 99351E- 04 

.7056 

.650 

1.6758 

• 26369E-04 

•97622E-04 

.7060 

.700 

1.6786 

.259496-04 

■95839E-Q4 

.7065 

.750 

1.6800 

■ 255 13E-0 4 

• 93993E-04 

.7071 

. 000 

1.6786 

.250615-04 

• 92104E- 04 

.7078 

.05 n 

1.6808 

.?4$9fl£-04 

• 90185E-04 

• 7085 

.900 

1.6793 

. 24124E-04 

. 8 8234E-Q4 

.7093 

.95 0 

1.681? 

* 236425-9 4 

• 86195E-04 

.7109 

1.000 

1.6781 

. 231545-04 

.841456-04 

.7124 

1 ."50 

1.6*10 

.22662E-04 

.817136-04 

.717$ 

1 .100 

1.6811 

* 22168E-94 

• 7972 7E-04 

.7188 

1.150 

1.6795 

.216726-04 

.777526-04 

• 7201 

1.200 

1.6797 

•21177E-04 

. 75 7956-04 

.7214 

1. 250 

1.6800 

• 20684E— 04 

.73862E-04 

.7227 

1. 300 

1.6807 

.201945-04 

• 7195 8E-04 

.7240 

1.350 

1.6769 

, 1970 8E-04 

•70095E-04 

.7251 

1 .400 

1,6778 

. 19226E-04 

• 6B264E-Q4 

.7261 

1.450 

1.6775 

• 18750E-04 

.66474E-04 

.7270 

1 .50 0 

1.674? 

•18?80£-04 

.64730E-04 

.7277 

1 , 550 

1.6777 

.178175-04 

• 63027E- 04 

.7282 

1 .600 

1.6749 

.173615-04 

.61365E-04 

• 7286 

1.650 

1.6757 

.16913E-0- 

•59688E-04 

.7296 

1.700 

1.6733 

.164735-04 

* 580 38E- 04 

.7306 

1.750 

1.6753 

,160415-04 

.564306-04 

.7316 

1,000 

1.6717 

.156185-04 

.548646-04 

.7324 

1 .350 

1.6733 

.152035-04 

.533395-04 

.7332 

1.900 

1 . b 7?1 

■ 147 985-9 4 

.51859E-IT4 

.7338 

1 ,950 

1.6743 

.1440 25-0 4 

.504216-04 

.7344 

* .000 

1.6715 

.140 156-0 4 

.49010E-04 

.7351 


c £ AL-G AS ISFNTRO«>IC EXPANSIONS OF PAPAHYCPOGEN 


MACH 


0.00 0 
.050 
• 10 0 
.150 
.20 0 
.25 0 
.300 
.35 0 
.40 0 
.45 0 
.500 
.55 0 
.600 
.65 0 
.700 
.75 0 
.600 
.650 
.90 0 
.95 0 
1.000 
1.05 0 
1.10 0 
1.150 
1.200 
1.25Q 
1.300 
1.350 
1.4 0 0 
1.450 
1,500 
1.550 
1.600 
1.650 
1.700 
1.750 
1 .600 
1 .050 
1 .900 
1.95 0 
2.00 0 



P6/M 


0. 

.153E+0 6 
. 30 4E+ 0 8 
,4545 + 0 8 
, 60 2" *Q 8 
.7455+06 
.8855 + 0 8 
.1025+09 

• 1155+0 9 
.1275+09 
.1 395+09 
.1505+09 
.1605+09 
• 169E+09 
.1785*09 
.1865+09 
* 194E+09 
,200- *09 
.2065+09 
,2115+09 
.2165+09 
. ?20 r + 0 9 
.2235+09 

• ’26E+0 9 
.2285+09 
.2305+09 
.2315+09 
.2325+09 
.2335+09 
.2335+09 
. 234E+09 
*2335+09 

• 233 c +0 9 
.2325+09 
.2325+09 
.2315+09 
.2305+09 
.2295+09 
.2275+09 
.2265+09 
.2245+09 


□ . TT 

= 80.0 K 

PT = 

5.0 ATM 

phot -= 

• 1 55E-02 

G/CM3 

SVT = 715 

.337 M/S E 

C 


7 

CP/C V 

Sv/Stft 

P/PT 

T/TT 

RHO/RHOT 

A+/A 

SV/SVT 

P/PT 

T/TT RHO/RHOT 

A* /A 









RELATIVE 











I u lUt «L UAj VflLUt 


. 9925 

1.5716 

1.0000 

l.OOno 

1.0000 

1.0000 

0.0000 

1.0000 

1.0000 

1.0000 1.0000 

1.0000 

.9929 

1 .5730 

.9997 

.9981 

.9993 

.9988 

.0669 

1.0000 

.9998 

.9998 1.0000 

1.0071 

. 9929 

1.5739 

.9989 

.9922 

,9972 

.9950 

.1730 

.9999 

.9992 

.9992 1.0000 

1.0070 

.9928 

1.5754 

.9976 

.9326 

.9933 

.9839 

.2575 

.9999 

.9982 

.9983 1.0000 

1.0070 

.9927 

1.577+ 

.995 8 

.9694 

.9390 

.9807 

.3398 

,9998 

.9968 

.9969 1.0000 

1.0069 

• 99 , 6 

1 .5*' n l 

.9934 

.9526 

.9829 

,9694 

.4190 

.9996 

.9949 

.9952 1.0000 

1.0067 

.9925 

1.5633 

.9906 

,9326 

.9754 

,9565 

.4947 

.9994 

.9927 

.9930 1.0001 

1.0067 

,9924 

1.5370 

.9871 

.90 96 

.9667 

.9414 

.5661 

.9992 

.9900 

.9904 1.0001 

1.0064 

.9922 

1 .5913 

.9332 

• 8 838 

.9560 

.9244 

.6327 

.9988 

.9866 

.9874 1.0001 

1.0060 

.9971 

1 .5460 

.978« 

.8557 

.9456 

.9057 

.694? 

.9984 

.9833 

.9839 1.0002 

1.0057 

.9919 

1.601’ 

.9738 

.8756 

.9374 

.8855 

. 7503 

.9978 

.9794 

.9800 1.0004 

1.00 53 

.9917 

1.6069 

.96 87 

.7978 

.9200 

.8639 

.800 6 

.9971 

.9750 

.9757 1.0005 

1.0047 

.9915 

1 .6126 

.9622 

.7607 

.9057 

.3411 

a 8451 

.9963 

.9703 

.9709 1.0008 

1.0042 

. 9913 

1.6188 

.9557 

.7266 

.8904 

.8174 

.8837 

.9953 

.9652 

.9657 1.0012 

1.0035 

.9910 

1.6251 

.9+86 

,6921 

.3747 

.7970 

.9164 

.9940 

.9600 

.9600 1.0018 

1,0029 

.9908 

1.6314 

.9411 

.6571 

.8575 

.7679 

.9432 

.9926 

.9543 

.9540 1,0025 

1.0021 

.9906 

1,6778 

.9730 

.6 224 

,8401 

,7426 

,964 -* 

.9910 

.9487 

.9476 1.0035 

1.0015 

.9903 

l.f 440 

.9245 

.5 8?0 

.8221 

.7171 

.9807 

.9891 

.9430 

.9409 1.0049 

1.0010 

.9901 

1 .6501 

.9156 

.554? 

.80 76 

.6916 

.9917 

.9669 

.9373 

.9338 1.0066 

1. 0005 

.9899 

1 • 655 9 

.90 6? 

,5212 

.7849 

.6661 

.9979 


.9316 

.9266 1.0085 

1.0000 

.9396 

1.661 3 

.8964 

,4 894 

.7660 

.6410 

1.0000 

.9820 

.9264 

.9191 1.0112 

1.0000 

.9894 

1.6663 

.8863 

.4507 

.7469 

.6163 

.9982 

.9792 

.9214 

.9116 1.0143 

1.0002 

.9692 

1.6708 

. 3759 

. + 293 

.727« 

.5921 

.9928 

.9762 

.9167 

,9040 1.0179 

1.0007 

. 9*90 

1.6749 

.8657 

.4013 

.7088 

.5634 

.9843 

,9730 

.9124 

.6963 1.0220 

1.0015 

.9888 

1.6765 

.8544 

.3747 

,6899 

.5454 

.9732 

.9697 

.90 88 

.8887 1,0269 

1.0028 

.98 36 

1.6616 

• 8434 

.7497 

.6717 

.5231 

.5598 

.9662 

.9057 

.8811 1.0325 

1.0047 

.980 + 

1.6342 

.8322 

.3260 

.6529 

.5015 

.9443 

.9627 

.90 32 

.8736 1.0386 

1.0069 

.9832 

1.6864 

.6210 

.xfl38 

.6349 

,4803 

.9273 

- 9591 

.9015 

.8663 1.0456 

1.00 99 

. 9880 

1.6B8? 

. 8098 

.2829 

.6171 

.4606 

.9088 

.9554 

.90 02 

.6591 1.0530 

1.0132 

.9879 

1 .639’ 

.7906 

.2633 

.5998 

.4413 

.8892 

.9518 

.8996 

.8520 1,0613 

1.0172 

.9877 

1.6909 

.7373 

.2451 

,5829 

.4227 

.8687 

.9481 

.8997 

,6452 1.0701 

1.0216 

.9876 

1 .6910 

.776? 

.2281 

.5 66X 

.4049 

.8478 

.9445 

.90 06 

.8365 1,0799 

1,0272 

.9875 

1.6975 

.7657 

.2122 

.5503 

.7878 

.8263 

.9409 

.9021 

.8320 1.0902 

1.0330 

.9874 

1.6929 

.754? 

.1974 

.5346 

.3714 

• 8043 

.9373 

,9041 

.8257 1.1011 

1.0394 

.9372 

1.6933 

.7434 

.1837 

.5194 

.3557 

.7822 

.9338 

.9066 

.8196 1.1125 

1.0463 

. o 8 7 1 

1.6935 

.7327 

.1709 

.5046 

.34 07 

.7602 

.9304 

.90 99 

.6137 1.1249 

1.0540 

.9871 

1.69X& 

.772? 

.1590 

.490? 

.7263 

.73 81 

.9271 

.9137 

.8079 1.1376 

1.0622 

.9870 

1.69X7 

.7118 

.1480 

.4763 

.3126 

.7162 

.9238 

.9181 

.8024 1.1511 

1.0709 

.9869 

1.6937 

,7016 

.1377 

.4623 

.2994 

.6946 

. 920 6 

.9229 

.7970 1.1651 

1.0602 

.9868 

1,6936 

.6915 

.1282 

.449’ 

.2869 

.6733 

.9175 

,92 04 

.7918 1.1798 

1.0902 

.9868 

1.69X5 

.6817 

.1194 

,4771 

.2749 

.652? 

.9145 

.9X43 

.7867 1.1949 

1.1005 


TflPL? Ill 


RFAL-GAS ISENTROPTC EXPANSIONS OF P ARAHYCROGEN 


0. tCONTINUEOI 


MACH 

LCCAL IS6NTP0PIC 
EXPANSION COEFF. 

VISCOSITY 

G/CM-S6C 

THERMAL CONDUCTIVITY 
CAL/CM-SEC-K 

PRANDTL 

NUMBER 

0.000 

I 

.36269F-04 

.148356-03 

.7009 

• 050 

1.5680 

.361826-04 

• 14775E-03 

.7009 

.100 

1.5576 

.*61256-04 

• 14736E-03 

.7009 

.150 

1.5683 

• 360306-0 4 

.146716-03 

.7009 

.200 

1.5654 

. 358996-04 

.145B1E-03 

.7010 

.250 

1.5663 

.357306-04 

.144656-03 

,7011 

.300 

1.5749 

. 355256-04 

.143256-03 

,7013 

.350 

1.5729 

.352846-04 

.141816-03 

• 7806 

.400 

1.5753 

.350076-84 

.140306-03 

• 6992 

.450 

1.5808 

.346976-04 

.138626-03 

,6977 

.500 

1.5876 

.343536-04 

,136766-03 

.6961 

.550 

1.5903 

.339776-04 

.134736-0? 

.6946 

.600 

1.5965 

.335726-04 

• 13255E-03 

.6932 

.650 

1.6010 

.331376-04 

.130236-03 

.6919 

.700 

1.6097 

.326766-04 

• 1277 6E-03 

.6907 

.750 

1.6113 

.321906-04 

•1 2522E-03 

.6898 

.800 

1.6204 

.316816-04 

.122556-03 

.6891 

.850 

1.6272 

.311536-04 

.!:• 9906-03 

.6883 

.900 

1.6312 

.306086-04 

l.i '236-03 

.6874 

.950 

1.6344 

.300496-04 

. i 14516-03 

•6870 

1 .000 

1 . 6435 

.294786-04 

.111746-03 

.6869 

1.050 

1.6477 

.288976-04 

•108956-03 

• 6672 

1.100 

1.6502 

.283116-04 

• 106166-03 

•6879 

1.150 

1.6536 

.277216-04 

•103366-03 

•6691 

1.200 

1.6583 

.271296-04 

•99962E- 04 

• 6948 

1.250 

1.6620 

.265376-04 

.974076-04 

.6954 

1.300 

1,6628 

.259486-04 

.948926-04 

• 6961 

1.350 

1.6671 

.253636-04 

.924256-04 

.6970 

1.400 

1.6652 

. 247 826-04 

.900096-04 

•6960 

1.450 

1 .6684 

.242086-04 

.876466-04 

.6991 

1.500 

1.6685 

*236416-04 

« 85312E-04 

.7005 

1 .550 

1.6727 

.230816-04 

.83007E-04 

.7021 

1.600 

1.6713 

.225316-04 

.805566-04 

•7056 

1.650 

1.6699 

.219896-04 

.784066-04 

.7070 

1 .700 

1.6698 

.214566-04 

,763166-04 

.7884 

1.750 

1.6732 

.209346-04 

.742866-04 

.7096 

1.800 

1.6708 

,204216-04 

.723156-04 

.7108 

1.850 

1.6717 

.199186-04 

• 7 040 4E-04 

.7119 

1 .90 0 

1.6706 

.19425E-04 

.685486-04 

.7129 

1.950 

1.6728 

.169436-04 

•66749E-04 

.7138 

2.000 

1.6694 

.184726-04 

. 6500 5E-04 

.7146 


TA"L5 III 


REAL-GAS ISENTROPIC EXPANSIONS Of PARAWyDROGEN 




z • it — ido.o < 

PT - 

5. 0 ATM 

RHOT = 

MACH 

PE/M 

I CP/CV 

SV/SWT 

P/PT 

T/TT 


ft.oo ? 

0. 

.9487 

1.45*4 

l.tjoon 

t .0010 

1 .ooon 

• 05 0 

.1175+08 

,9987 

1.4600 

.9998 

.9983 

.9994 

.100 

.2245+0C 

.9987 

t .4607 

.9992 

.9978 

.9977 

.150 

• 334E + 0 8 

.9987 

1 .4618 

.9981 

.9838 

.994 9 

.200 

•44?5+ft 8 

.P986 

1.4635 

.9966 

.9 7 13 

.9911 

.250 


.99 85 

1.4656 

.9947 

.955 3 

.9860 

.300 

.6«+9E+08 

,9984 

1.4&P? 

.9925 

.9367 

.9799 

.350 

.7475+08 

.9983 

1.4713 

.9898 

.9151 

.9727 

.uon 

.8-.1E + 08 

,998? 

1 .475ft 

.9867 

.8909 

.9 644 

.450 

.930E+08 

, 9981 

1 .479? 

.983? 

.8641 

,955? 

.50 0 

,1015+09 

, 9980 

1.4839 

.9793 

. 8354 

.9449 

.550 

,10 Q E+09 

,99 TB 

1.4891 

.9750 

. 80*-9 

,9337 

• &0 0 

.1175+09 

.9377 

1 .4950 

.9704 

.7731 

.9215 

.65ft 

.1735+09 

. 9975 

1.5014 

.9654 

.7+0 0 

.9084 

.700 

.179E+09 

.9973 

1.51183 

.9600 

.7061 

.8945 

.750 

.1355+09 

.9972 

1.5158 

.954? 

.6718 

.8797 

.80 0 

.1405+09 

, ,997ft 

1.5?39 

. 9**81 

.633? 

. "647 

.850 

.1455+0 9 

.9968 

1.5*T4 

.9416 

• 60?6 

• 848ft 

,90ft 

• 14BE+0 9 

.9966 

1 .541 4 

.9348 

.5685 

.8311 

.950 

•157E+09 

,9064 

t. c 507 

.9775 

,53u9 

.8135 

1.000 

• 1555 +09 

.9963 

1.56ft!* 

.9199 

.5070 

.7957 

1.050 

.1575+09 

.9961 

1.5703 

.9119 

.4700 

.7773 

1.100 

.1595+09 

.9959 

1 .5803 

.9136 

.4 394 

,7586 

1.150 

.1615+09 

.9957 

1.5901 

.8949 

« *.099 

.7197 

1.70 0 

.1675+09 

.9956 

1.5°9 a 

.8858 

.3818 

.7706 

1.75 0 

.16 3* +0 9 

.9954 

1.6097 

.8 76w 

. 3 552 

.7015 

1.300 

.163E+09 

.99 53 

1 .618? 

.8667 

.*3"! 

.6825 

1.350 

. 1 6**E+I1 9 

.9951 

1 .6765 

. 8567 

.3165 

.6636 

1 ,4ft 0 

.1645+09 

.9950 

1.6343 

.8465 

. 2846 

.6450 

1.45 0 

.1645+09 

.9948 

1.6414 

.8360 

.7639 

. 62 66 

1.500 

.1635+09 

.9947 

1.6477 

.8754 


.6086 

1.550 

.1635+09 

.9946 

J .6533 

.8147 

.7271 

.5911 

1,600 

.1625+09 

. 9944 

1.6582 

.8039 

.7106 

.5740 

1.65 0 

.1615+09 

.9943 

1 .6674 

.7931 

.1954 

.5573 

1.700 

.1605+09 

.9947 

1.6659 

.7827 

.1813 

.5411 

1.750 

.159E+09 

.9941 

1 .6689 

.7714 

.1683 

.5255 

1.800 

.1585+09 

,994ft 

1.6714 

.7607 

.1563 

.5103 

1.85-0 

.1575+09 

• 99*»0 

1.6734 

.7500 

.1453 

.4956 

1.900 

.156E+09 

.9939 

1.6750 

. 73^5 

• 1 350 

.4813 

1.950 

.155^+09 

,9938 

1.6763 

. 7?91 

.1 ?55 

.4676 

?.ft00 

,1545+09 

.9977 

1 .5778 

.71 88 

.116 8 

. 454 ’ 


.12*5-9? G/CM3 SVT = 774.990 M/SEC 


RHO/RHOT 

a*/a 

SV/SVT 

P/PT 

T/TT 

RHO/RMOT 

A*/A 




■RELATIVE 

TO IDEAL 

GAS VALUES* 


1.0008 

o.ooon 

1.0000 

1.0000 

1.0000 

1.0000 

1,0000 

.9988 

.0 858 

1.0000 

1,0000 

.9999 

l.OODl 

.9948 

.9951 

.1709 

1.0002 

,9996 

.9997 

1.0001 

.9949 

.9889 

.2545 

1.0003 

.9994 

.9994 

1.0001 

.9951 

.9803 

.3359 

1.0006 

.9988 

.9989 

1.0000 

• 9953 

.9695 

.4144 

1*000 9 

.998? 

.9983 

1.0001 

,9957 

.9563 

.4 8 94 

1.0013 

.9971 

.9975 

.9999 

,9959 

.9411 

.5604 

1.0018 

.9960 

.9965 

.9999 

*9964 

.974? 

.6769 

l.00?3 

.9947 

.9953 

.9999 

.9969 

.905? 

.6884 

1.0079 

.9929 

. 9939 

.9997 

.9977 

.8848 

.7447 

1.0035 

.9910 

.9977 

.9996 

.9977 

• 8629 

.7954 

1.0041 

.9887 

, 99 0 2 

.9994 

.9987 

.83 99 

.8405 

1.0 0 47 

.9861 

.9878 

.9993 

.9987 

.8156 

.8797 

1.0053 

.9830 

.9857 

.9990 

.9990 

.7905 

. 9131 

1,0059 

.9795 

.9821 

.9987 

.9993 

• 76*.8 

.940 8 

1,0065 

.9756 

. 9787 

.9964 

.9995 

.7386 

. 9630 

1.0070 

.9713 

.9748 

.9967 

.9998 

• TIPI 

.9796 

1.0074 

.9665 

.9705 

.9978 

.9998 

.6854 

.991? 

1.0076 

.9614 

.9657 

.9977 

1.0000 

.6589 

.9979 

1.0078 

.95 60 

.9605 

.9977 

1.0001 

.6324 

1.0000 

1.0077 

.9502 

.9546 

.9976 

1.0000 

.6061 

.9979 

1.0075 

.9441 

.9487 

.9978 

.9999 

.5809 

.9923 

1.007ft 

.9381 

.9477 

.9985 

1.000? 

.5558 

.9832 

1.0(163 

.9320 

.9353 

.9994 

1.0004 

.5315 

.9711 

1.0053 

.9758 

.9281 

1.0007 

1.0006 

.5081 

.9567 

1 .0.0 4 0 

.9201 

.9707 

1.0027 

1.0014 

.4854 

.9401 

1.0025 

.9147 

.9131 

1.0057 

1.0024 

.4636 

.9215 

1.0007 

.9096 

.9055 

1,0087 

1.0036 

• 44? 8 

.901« 

.998 7 

.9053 

.8978 

1.0122 

1.0055 

.4229 

.8811 

.9964 

.9016 

.8901 

1.0169 

1.00 79 

.4038 

.8594 

,9939 

.8987 

.8875 

1.0274 

1.0108 

.3658 

.8373 

.9913 

.8966 

.8751 

1.0289 

1.0145 

.3685 

.8148 

.9885 

.8957 

.8678 

1.0360 

1.0187 

.3521 

.7920 

.9856 

.8947 

. 8608 

1.0440 

1.0235 

.3366 

.76 94 

.9876 

.8950 

.8539 

1.0529 

1*0291 

.3219 

.7469 

.9796 

.8963 

*8473 

1.0627 

1.1)355 

.30 78 

.7245 

.9765 

.8983 

.8409 

1.0733 

1.0425 

.2945 

.7024 

.9735 

.9011 

,8348 

1.0846 

1.0502 

.2818 

.6806 

.9704 

.9046 

.8289 

1.0967 

1.0586 

.7698 

.6593 

,9674 

.90 88 

• 8232 

1 .1095 

1.0676 

.75 81 

.6 381 

.9644 

.9137 

.8177 

1.1229 

1.5772 


T A6L r III 


. PEAL-GAS ISENTRO**IC expansions of parahvcrogen 
E. ( CONTIMJEDI 



MACH 

LOCAL ISr NTROPIC 

viscosity 

THERMAL CONDUCTIVITY 

PFANDTt 



EXPANSION COEFF, 

G/CM-SEC 

CAL/CM-SEC-K 

NUMREP 


o . noo 

I 

.425206-04 

.194565-03 

.7092 


.050 

1 .4886 

• 434256-04 

•19368E-B3 

.7093 


.ion 

1.4553 

* 433 73£-0 4 

•19337E-03 

.7092 


.150 

1.4603 

. 432 S5E-0 4 

.19358E-03 

.7089 


.300 

1.4573 

• -+3163E-04 

. 19162E-Q3 

.7086 


• 350 

1.4667 

.430B6E-04 

• 190406-03 

.7082 


.son 

1 .4603 

.41815E-04 

.188916-03 

.7076 


*350 

1.4681 

.41590E-04 

» 18716E-03 

.7070 


.400 

1.4737 

.41332E-04 

•18516E-03 

.7064 


• *♦50 

1.4730 

.410405-0* 

. 1 8Z90E- 03 

.7056 


.500 

1 .4791 

.40715E-04 

.180406-03 

• 7048 


.550 

1.4835 

.403585-04 

.177676-03 

*704 0 . 


.60 0 

1.4909 

. 79970E-0 4 

.174716-03 

.7032 


.650 

1.4933 

• 39551E-04 

.17153E-03 

.7024 


.700 

1.5005 

. 391036-04 

.168156-01 

.7017 


.750 

1,5079 

.38 62*5-04 

.164666-03 

.7007 


.son 

1,5163 

.381175-04 

• 1610 6E- 03 

.6995 


.850 

1.5334 

.375846-04 

* 15729E- 03 

• 6965 


.90 0 

1.5338 

.370256-04 

.153376-03 

.6978 


.950 

1.5*30 

. "*64435-0 4 

.149736-03 

.6974 


1.000 

1.5409 

• 35839E-0 4 

. 14516E- 03 

.6974 

. V 
*! ~1 

1.050 

1.5584 

. 352155-04 

.140936-03 

.6978 

■ . 

■* ; f - J 

1.100 

1.5715 

• 345746-04 

. 13741E-03 

.6946 

* 

■L ^ 

1.150 

1.5783 

,339195-04 

. 1 33866-03 

.6919 

|..,y 

1.30 0 

1.5867 

. *32535-0* 

•130286-03 

.6896 


1.350 

1.5992 

.725795-04 

.126696-03 

,6878 

-• Hr: 

1.300 

1.6065 

•31900E-04 

.123116-03 

.6866 

s, ^ 

1.350 

1.6133 

.313185-04 

.119586-03 

• 6859 

S & 

1.400 

1.6340 

•30538E-04 

.116236-03 

.6849 

4fcrr 

1.450 

1.6399 

.39 86 IE -04 

• 11 291E-03 

• 6845 


1.500 

1.6354 

.391895-04 

.109666-03 

• 6847 


1 . 550 

1.6437 

. 285355-0 4 

.106406-03 

• 6854 


1.600 

1 . 6-457 

.278705-04 

•103376-07 

.6866 


1 .650 

1.6*97 

•*72?5£-04 

.100746-03 

.6881 


1.700 

1.6549 

• 26 592E-04 

.972226-04 

.6913 


1.750 

1.6584 

. 25971E-04 

.945716-04 

.6921 


1.800 

1,6601 

.353616-04 

.920076-04 

.6930 


l . 85-n 

1 .6630 

. 34 7656-04 

• 89527E-04 

.6941 


1 .900 

1 .6638 

.341816-04 

.071296-04 

.6953 


1.950 

1.6652 

.336116-04 

.847966-04 

.6966 


3.000 

1.6655 

. 23C52E-04 

.825166-04 

.6982 


TABLE III 


RrAL-GA'' TS5NTR0PIC EXPANSIONS OF PARAhYCPOGEN 



F. TT - ?00,1 K 


mach 

®E/M 

7 

CP/CV 

0.000 

0. 

1.00X3 

1.7473 

• 05 0 

.‘-73T+07 

1,0033 

1.3475 

.100 

.g^E+or 

1.0033 

1,3474 

.150 

• 141E+ 0 ff 

1.0033 

1 .7*47? 

.200 

.136E«-08 

1.0132 

1 .3479 

.25 0 

• 23 0? + 0 B 

1.003? 

1 .3 46 7 

.300 

.773F+08 

1.0031 

1.3462 

.350 

• 31 3? + 0 8 

1.0031 

1.3456 

.400 


1 .0179 

1 .745.7 

.45 0 

.?88E+08 

1.11*9 

1.3447 

.50 0 

.♦♦22E+08 

1.0023 

1,3442 

.550 

.453E+06 

1.0027 

1.3435 

.600 

• 482E4-0B 

1.0026 

1 .34*9 

.650 

.50 BE+08 

1.09*5 

1 ,34?3 

.700 

•531E+08 

1.00?^ 

1 .3*16 

.750 

.551E*Q8 

1.0023 

1.3410 

.600 

.569E+0B 

1.0022 

1.3495 

.85 0 

• 584E + 0 B 

1 . 0 " * 1 

1 .3*99 

.90 0 

, 596E + 0 B 

1.0919 

1.37Q5 

.950 

.606E+OB 

1.0019 

1.3391 

1.000 

.613E+08 

1.0017 

1.33B9 

1.050 

.61 8E+08 

1.0016 

1 .3X87 

1.100 

.6*1E«-Q0 

t . 0015 

1.X387 

1.150 

.622E+0B 

1.0014 

1.7389 

1.200 

.b20:»-0 6 

1 . 0 0 1 ,3 

1.3393 

1.250 

•617E+08 

1.0012 

1.3799 

1.300 

.613E+O0 

1.0911 

1 .3406 

1.350 

.60 7E + 08 

1.0010 

1.7416 

1.40 9 

.599E+08 

1.0009 

1.3429 

1.450 

• 591E*0 8 

1.0003 

1.3445 

1.500 

.5P1E+0B 

1.0907 

1 .7464 

1.550 

• 57lE*-08 

1.0007 

t .3487 

1,600 

.559E*G8 

1.0006 

1.3514 

1.650 

.54 7E + 08 

1.0005 

1.3545 

1 .700 

.535E+06 

1.0004 

1.3581 

1.750 

.5??E+10 

1, 0004 

1 .7671 

1.600 

. 50 9F+0 8 

1,0003 

1.3667 

1 .850 

.496E+0B 

1.0003 

1.3717 

1.900 

.4B2E+08 

1.0002 

1.377m 

1.950 

.4696 +0 8 

1.000? 

3 .38X7 

2.000 

.455E+08 

1.0001 

1.3*06 


PT - 5.0 ATM 

9-HOT = 

.617E-03 5/C M3 

SV/SVT P/FT 

T/TT 

9HO/PHOF A*/A 


1.0000 

1.0000 

1.0000 

1.0000 

0.0000 

. 9998 

.998 3 

.9996 

.9997 

.0859 

.9991 

.9932 

.9983 

.9*49 

.1711 

. 9979 

.9BEO 

. 996 1 

.9669 

.2548 

.996? 

.97XC 

.9931 

,98n7 

.336? 

.9941 

.9588 

.9893 

.9693 

.4147 

.9916 

.9414 

.9846 

.9563 

.4897 

.9836 

. 9213 

.979? 

.9411 

.5605 

. 9«5X 

.89 = 9 

.9731 

.9*41 

.626 8 

.9315 

.8743 

.966? 

.9052 

.688? 

.9773 

.6479 

.9567 

.8649 

.7443 

• 9*28 

.6198 

. 95 0" 

.8630 

,7949 

• 9650 

.7915 

.941 7 

• 84 OI 

.8798 

. 962 a 

.76no 

. 9 .7 ? * 

.8159 

.8789 

. 9574 

.7290 

.9224 

.*910 

.9125 

.9517 

.69*2 

.9121 

.7653 

.9402 

.9457 

.6653 

.9013 

.*390 

» 96?4 

.9X96 

.6Xx? 

.8901 

.7124 

.9797 

.93 32 

,6015 

.8785 

.6856 

.9911 

.9*66 

.5698 

.8666 

.65«* 

.9978 

,9199 

.5338 

» 85 45 

.6316 

1.0000 

.9131 

• 508 3 

• B 4? 0 

.60 47 

.9979 

. 906n 

.4766 

.8293 

.579* 

.9919 

. 8969 

.4498 

.8164 

.5520 

.9823 

.891? 

.4?19 

. 8134 

.5262 

.96 93 

• 8 844 

.395? 

.790? 

.503 2 

,95 37 

.8*71 

. 3 694 

.7768 

.4765 

.9354 

.8697 

.7448 

.763x 

.<♦527 

.9150 

• 0623 

.3213 

.7497 

.4296 

. 8928 

.8548 


.7361 

,4072 

.6688 

.8477 

.2 777 

.7*27 

,7855 

.8434 

.6398 

.2577 

.70 85 

• *b47 

.6171 

, B323 

• 23B7 

.6947 

.3446 

.7900 

.8249 

.2209 

.6808 

.3254 

.7622 

.8174 

.2041 

• 666 8 

.3069 

.7 341 

.8099 

.1884 

.6528 

.*895 

.706? 

.8025 

.1777 

,6388 

.2727 

.6779 

.7950 

,1599 

.6248 

.2567 

.6500 

,7876 

.1471 

.6107 

.2416 

.6224 

.780* 

.1 751 

.5967 

.2?*? 

.5951 

.7729 

.1241 

.5826 

• ?136 

.5684 


svt * 1057 . bob m/sec 


SV/SVT 

P/PT 

T/TT 

R MO/ RH 07 


-RELATIVE 

TO IDEAL 

GAS VALUES- 

l.oono 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0001 

.9999 

1.0001 

1.0002 

1.0003 

.9999 

1 .onot 

1.001)6 

1.0006 

1.0000 

1.0002 

1.0010 

1.0010 

1.0000 

1.0003 

1.0014 

1 .0016 

.9999 

1.0005 

1.0021 

£.0024 

.9999 

1.0007 

1.0028 

1.0072 

.9998 

1.0009 

1.0036 

1.0042 

.9998 

1.0012 

1.0046 

1.0053 

.9997 

1.0015 

1.0058 

1.0066 

.9997 

1.0018 

1.0069 

1.0080 

.9996 

1.00?? 

1.0083 

1 . 00 95 

.9995 

1.0027 

1.0096 

1.0111 

.9993 

1.0032 

1.0112 

1.0128 

.9993 

1.0038 

1.0126 

1.0147 

.9990 

1.1045 

1.014? 

1.0167 

.9987 

1.0052 

1.0157 

1.0157 

.9983 

1.0059 

1.0173 

1.0208 

.9979 

1*8068 

1.0185 

1.0231 

.9971 

1.0077 

1.0199 

1.0254 

.9963 

1.0086 

1 .0210 

1.0277 

.9952 

1.0097 

1.0220 

1.0300 

.9940 

1.0108 

1.0227 

1.0324 

.9926 

1.0120 

1.0231 

1.0348 

.9908 

1.017? 

1.0236 

1.0371 

.9891 

1.0145 

1,0235 

1.0393 

.9869 

1.0159 

1.0232 

1.0415 

.9847 

1.0173 

1.0226 

1*0436 

.9822 

1.0186 

1. 0214 

1.0456 

.9793 

1.0203 

1.0196 

1.0474 

.976 0 

1.0219 

1,0175 

1.0490 

.9726 

1.0235 

1.0148 

1.0503 

.9688 

1.G251 

1.0113 

1.0514 

.9646 

1.0268 

1.0073 

1.0522 

.9601 

1.0285 

1.0031 

1.0527 

.9557 

1.0302 

.9979 

1.0528 

.95ti7 

1.0319 

.9921 

1.0525 

.9456 

1.0336 

.9857 

1.0517 

.940 2 

1.0753 

.9784 

1,0504 

.9344 

1.0369 

.9707 

1.0487 

.9286 


A*/f 


1.0000 

.9961 

• 9961 
.9963 
.9963 
.9964 
.9965 
.9966 
.9966 
.9970 
.9973 
. 9975 
.9979 

* 9981 
.9966 
.9989 
. 9992 
.9995 
.9999 
.9999 

L.0 0 00 
.9999 
.9997 
.9994 
.9966 
.9963 
.9974 
.9964 
.9954 
.9938 
. 9920 
.9900 
,9677 
.965 0 
.9670 
.9791 
.9756 
.9719 
.966 0 
.9636 
.9592 


TAPLf III 


PEAL-GAS I SEN T R0PIC EXPANSIONS OF PA9 AHYCFOGEN 


r- wm 




F. (CONTINUED! 


gO 
ra £0 

II 

gS 

& <Tu 

3®' 


MACH 

LOCAL ISENTROPIC 

VISCOSITY 

THERMAL CONDUCTIVITY 

PRANDTL 


EXPANSION CCEFF. 

G/CM-StC 

CAL7CM-SEC-K 

NUMBER 

0*000 

I 

.684236-0 *. 

.374596-03 

.7027 

.050 

1.3*87 

. 68286E-0 4 

.374036-03 

.7028 

. 10 0 

1 ,3*88 

•682256-04 

• 37378E-03 

.7028 

.150 

1.3591 

,68124£-04 

. 37337E-0 3 

.7028 

.200 

1.351? 

.679836-04 

•3728DE-03 

.7028 

.250 

1.3481 

.678036-04 

.372066-03 

.7028 

.TOO 

1.351? 

.675866-04 

.371176-03 

,7028 

. 350 

1.34-83 

. 67351 E-0 4 

•37014E-03 

.7027 

.40 0 

1.3491 

.670406-04 

.368966-03 

.7027 

.450 

1 . 3485 

, 667 16E-04 

.367646-03 

.7026 

.50" 

1.3493 

. 6635 8E-04 

.366206-03 

.7024 

.550 

1.3465 

.659696-04 

.364636-03 

.7021 

.600 

1.3482 

• 65550t-04 

.36264E-03 

.7024 

.650 

1,3456 

,551026-04 

,359846-03 

.7039 

.700 

1 • 3475 

,646? PE-04 

.356886-03 

,7055 

.750 

1.3445 

• 641 29£- 04 

,353776-03 

.7070 

.800 

1.3445 

• 6360 PE-fl 4 

,350946-03 

• 7066 

■ 850 

1 * 3*38 

.630636-0* 

.347186-03 

.7100 

.90 0 

1.3439 

.624996-04 

. 343716-03 

.7114 

.950 

1.3409 

,619176-04 

.340146-03 

.7126 

1 .onn 

1.3414 

.613176-04 

.336496-03 

.7137 

i.050 

1.3409 

.6O70OE-O* 

,332756-03 

.7146 

t.100 

1.3407 

•60369E-04 

.328956-03 

.7152 

1.15 0 

1.3405 

.594246-04 

.325086-03 

.7156 

t 

1,3*90 

, 587676-0 4 

.321166-03 

.7157 

1.250 

1.3424 

.580976-04 

.317196-03 

.7154 

1 . TO n 

1.3412 

. 574166-04 

.313186-03 

.7147 

1.350 

1.3425 

.567256-04 

.309146-03 

.7137 

1 .400 

1.3443 

.560256-04 

.305076-03 

.7122 

1.450 

1.3446 

.553156-04 

.300976*03 

.7102 

1 .500 

1.3455 

.545976-04 

.296856-03 

.7077 

1,550 

1.3485 

.538706-04 

•29030E-03 

.7104 

1 .600 

1.3509 

.531346-04 

.283706-03 

.7129 

1 .6^ 

1.3529 

.523916-04 

.277086-03 

.7149 

1 .? 

1.3564 

.516396-04 

. 27045E-03 

.7165 

1.750 

1.3622 

,508806-04 

.263806-03 

.7178 

1.800 

1.3641 

.501136-04 

*257146-03 

.7186 

1 .850 

1.3’Dl 

• 493386-04 

.250466-03 

.7190 

1 .90 0 

1.3753 

.485556-04 

.243786-03 

.7190 

1 .950 

1.3800 

.477656-04 

• 23710E- 0 3 

.7185 

2.000 

1.3879 

.469676-04 

.230416-03 

.7176 


tarl- tii 


*?5A1_-&A= I “"NTPOPTC EXPANSION? OF PARAHYCRQGEN 



TT r 100.0 K pr * 5,0 ATM »HOT = 



MAO 

9f/M 

7 

CP/C V 

3V/SVT 

P/RT 

T/TT 

s. 

i 

0.EH30 

0. 

1.0030 

1.3702 

1 . 00 00 

1.0000 

1.0000 

n.' 

1 

(DEO 

.298- *07 

1.0030 

1.3 856 

. 9997 

.9983 

.9995 

k 

. IQ 0 

.5955407 

1.0329 

1.3955 

.9^90 

.993? 

.9981 

| 

* 1 3 n 

.007£«-O7 

1 . 0 0 *9 

1.7057 

.997’ 


.9957 

!•' 

r 

.20 Q 

.11 75408 

1.0029 

1.7051 

.995 9 

.9727 

.9923 

I. 

.250 

.14 55 40 8 

1.0029 

1.3048 

.9936 

.9576 

.9981 

l 

.300 

.172E+-08 

1.O028 

1.3044 

,9908 

.9399 

.9830 

f 

.350 

.197E405 

1.0023 

1.3939 

.9876 

. 91 q 4 

.9770 

5. 

fr 

.40 0 

.???E>0 8 

1,”’? 

1 . 7 8 7 (, 

.9879 

.8965 

.9701 

t : 

.45 0 

.?45E*D8 

1.0026 

1.3827 

.9798 

.071 3 

.9626 

t 

.500 

»?56£t08 

1.0026 

1.3020 

.9’52 

.f=4<-4 

,9542 

ii 

5.:' 

.550 

.2865409 

1.0025 

1.3813 

.9702 

• 8159 

.945? 

r 

.600 

. 304^49 8 

1 . 0 0’4 

1 .7004 

. 9649 

.7860 

.9356 

k 

.650 

.321E+"* 

i.no’3 

1 ,7’95 

.95 9? 

.7551 

,9253 

( 

.700 

.335-:40* 

1.002? 

1.7704 

. 9531 

. 7235 

.9146 

f 

.750 

.3485400 

1.0022 

1 , 3 ’’ 3 

. 9460 

• 6 915 

.9033 


.P0Q 

. 35 95 40 8 

1.0021 

l.3’f 0 

.9+07 

,65°? 

.8916 

if 

.85 0 

.369=408 

1.0020 

1.7747 

,9732 

.627? 

.8796 

i 

• 90 0 

.3775408 

1.0019 

1.7733 

.9251 

.5 954 

.867? 

tii 

ji 

.95 0 

.3S3E408 

1.0010 

1 .3710 

.9187 

.56-1 

.8545 

f- 

1.000 

. 388F40 8 

1.0017 

1.3702 

.9112 

.5 333 

.8417 


1,050 

. 391 £4(1 8 

1.0016 

1 .7 606 

.90 75 

.50’? 

.828 6 

t 

L ,; . 

1.100 

.’935+08 

1.0015 

1.3669 

. 8956 

,471.0 

.3154 

\ 

1 .150 

.3945408 

1.0015 

1.7651 

.8676 

.44-7 

.8021 


1.200 

.3935408 

1.0014 

1,7672 

.0795 

.^185 

.rae« 

f-. 

1.250 

.392^40? 

1.0013 

1 .7617 

.871’ 

.39’4 

.7754 

t 

1.300 

.’891400 

1,0012 

1 .35R4 

.0631 

.’675 

.7620 

l 

1.350 

.3865408 

1.0C12 

1 .3574 

.8548 

.3436 

.7486 

1 

1.400 

.301540 8 

1.0011 

1.3555 

.8465 

,3210 

.73 53 

i- 

1.45 0 

.3765408 

1.0010 

1.3536 

.638? 

.2994 

.7221 


1.500 

.7705408 

1 .onn9 

1 .751 7 

• S' 1 99 

.2790 

.7089 

n 

1.550 

.7645 40 8 

1.0009 

1.3490 

.8217 

.2597 

.6959 


1.600 

.3575+08 

1 » 0008 

1.7480 

.8134 

• 2416 

.6830 

1 

1.650 

.34g=>08 

1.0000 

1.3463 

.8052 

.2245 

.6702 

1 

1,700 

• 34 2E4 0 S 

l .noo? 

1 .7446 

.7970 

.2084 

.65 76 

f: 

1 .750 

.7716+00 

1,0007 

1,7431 

.7889 

.19” 

.6451 

\ 

1.800 

.3?5=40fl 

1.0006 

1 .3419 

.7809 

.179? 

.6327 

r- 

L 

1.850 

.317E400 

1, 0Q06 

1,340c 

. 7729 

, 1660 

.6205 


1.900 

.3085+00 

1.0005 

1 .3395 

.7651 

• 1536 

.6004 

r 

1 .95 0 

.’995+08 

1.0005 

1 .7787 

.7573 

.1421 

.5965 

\ 

2.000 

.290E+08 

1.0004 

1 .3700 

.7496 

.1313 

.5840 


.4086-03 G/CM3 SVT =1513*2118 M/SEC 


RHO/RHOT 

A*/A 

SV/SVT 

P/PT 

T/TT 

RHO/RMOT 

A+/A 





TO IDEAL 







VfllVLJ* 


1.0000 

0.0000 

1.0000 

1.0000 

1.0000 

1.0000 

l.nnnn 

.9987 

.0863 

1.0000 

1.0000 

1.0000 

1.0000 

1.0011 

.9951 

.1720 

1 .0008 

1.0002 

1.0001 

1.0001 

1.0012 

• 9809 

.2560 

.9999 

1.0002 

1.0002 

1*0001 

1.0011 

.9802 

.3378 

.9999 

1.0002 

1.0003 

1.0000 

1.0009 

.9693 

.4165 

.9998 

1.0002 

1.0004 

.9999 

1.0007 

,9563 

.4918 

.9997 

1*0004 

1.0007 

.9999 

1.0007 

.941? 

.5628 

.9996 

1.0006 

1.0009 

.9999 

1.0007 

.9243 

.6293 

.9995 

1.0010 

1.0012 

1*0001 

1.0007 

.9055 

.6906 

• °994 

1.0012 

1.0015 

1.0000 

1.0005 

.8 352 

.7467 

.9993 

1.0016 

1.0019 

1.0001 

1.0004 

,8636 

.7972 

.999? 

1.0021 

1.0024 

1.0002 

1.0004 

.8406 

.8418 

.9990 

1.0025 

1.0029 

1 . 0 002 

1.0003 

,0166 

.8807 

.9989 

1.0031 

1.0035 

1.0002 

1.0002 

.’917 

.9137 

.9988 

1.0036 

1.0042 

1.0001 

1.0000 

.7661 

.9411 

• 9986 

1.0042 

1.0049 

1.0001 

.9998 

.7401 

.9629 

.9985 

1.0049 

1.0057 

1.0001 

.9997 

.7133 

.9795 

.9984 

1.0060 

1.0067 

1.0003 

.9998 

,6873 

.9910 

.9983 

1.0070 

1.0077 

1.0004 

.9998 

,660 ft 

.9978 

,9982 

1.0082 

1.0088 

1.0006 

.9999 

. 6344 

1.0000 

.9981 

1.0095 

1.0100 

1.0006 

1.0000 

.6081 

. 9980 

• 99fii 

1.0106 

1.0113 

1.0008 

1.0000 

,5822 

.9921 

.9981 

1.0121 

1.0127 

1.0008 

1.0000 

,5565 

.9827 

.9981 

1.0134 

1.0143 

1.8007 

.9999 

,5314 

.9702 

.9982 

1.0148 

1.0159 

1.0005 

.9997 

.5069 

.955? 

.9983 

1.0165 

1,0177 

1.0005 

.9998 

.483? 

.9378 

.9984 

1.0183 

1*0195 

1.0005 

1.0000 

.4590 

.9179 

.9986 

1.0197 

1.0215 

1.0000 

.9997 

.4373 

. B965 

.9980 

1.0214 

1.0236 

.9997 

.9996 

.415* 

.8734 

.9990 

1.0227 

1.0257 

.9990 

.9991 

,3943 

.8491 

.9994 

1.0241 

1.0280 

.9982 

.9987 

.3740 

.8240 

.9998 

1.0255 

1.0303 

.9975 

.9983 

.3545 

.7980 

1.0002 

1.0268 

1.0327 

.9964 

.9977 

,3357 

.7715 

1. 0007 

1.0279 

1.0351 

.995 2 

.9969 

.3176 

.7444 

1.0012 

1.0285 

1.0376 

.9935 

.9957 

.3003 

.7173 

1.0018 

1.0291 

1.0401 

.9917 

.9945 

• 2839 

.6902 

1.0025 

1.0295 

1.042? 

.9897 

.9932 

.2681 

.6632 

1.0032 

1.0295 

t . 0452 

,9874 

.9916 

.2531 

.6365 

l.QO’9 

1.0294 

t.0477 

.9849 

.9899 

.2309 

.6100 

1 .0048 

1.0288 

1.0502 

.9821 

.9879 

. 225? 

.5839 

1.0066 

1.0277 

1.0526 

.978 8 

.9854 




TABLE III 


REAL-GAS ISENTPQPIC EXPANSIONS OF PAR AH YCPOGtN 


G. ICONT INUEOI 



MACH 

LOCAL ISENTftOPIC 
EXPANSION COEFF. 

VISCOSITY 

G/CM-SEC 

thermal conductivity 

CAL/CM-SEC-K 

PRANOTL 

NUMBEP 


0.000 

I 

.89665E-04 

•46180E-03 

• 7100 


.050 

1.3858 

*896816-04 

.461676-03 

• 6099 


• 10 D 

1*4808 

•89593E-04 

•461286-03 

• 6900 


.150 

1.3869 

. 89446E-04 

•460646-03 

.6900 


.200 

1.3850 

•89Z45E-04 

.459756-03 

.6901 


.250 

1.3846 

.86987E-04 

.450626-03 

.6902 


.300 

1.3904 

.886736-04 

•457246-03 

• 6904 


.350 

1.3682 

•86307E-04 

.455646-03 

• 6905 


.400 

1.3901 

.878906-04 

.453826-03 

• 6907 


• 450 

1.3650 

•87424E-04 

.451796-03 

• 6909 


.500 

1.3666 

.869126-04 

.449576-03 

• 6912 


.550 

1.3860 

. 66356E-0 4 

.447166-03 

• 6914 


.600 

1.3836 

.657596-04 

•444506*03 

• 6917 


.650 

1.3628 

.851236-04 

.441906-03 

• 6920 


.TOO 

1.3803 

.84452E-04 

•439186-03 

.6922 


.750 

1.3801 

.837476-04 

.436336-03 

• 6924 


.600 

1,3783 

.830146-04 

•43337E-03 

• 6926 


.850 

1.3794 

* 82253E-04 

•430326-03 

• 6929 


.900 

1.3769 

•81469E-04 

•42719E-03 

• 6932 

ou 

.950 

1.3763 

• 80662E-84 

.423986-03 

.6935 

1.000 

1.3743 

.798386-04 

•42072E-03 

•6939 

p g* 

1.050 

1.3717 

.769976-04 

.417416-03 

.6942 


1.100 

1.3699 

.781446-04 

•414066-03 

• 6946 

X % 

1.150 

1.3667 

.77279E-04 

•410666-03 

.6951 


1.200 

1.3652 

.76405E-04 

.407296-03 

•6955 


1.250 

1.3650 

.755246-04 

•403826-03 

• 6960 


1.300 

1.3639 

.746386-04 

.400036-03 

.6971 

v w 7 . 

-■ 

1.350 

1.3585 

» 7374 PE-04 

« 396256-93 

.6901 


t.400 

1.3587 

.726576-04 

.392406-03 

• 6991 

H 1 l - : 

1.450 

1.3548 

.71965E-04 

. 38873E-03 

• 6999 


1.500 

1.3535 

.710736-04 

•38580E-03 

.7007 


1.550 

1.3526 

.701836-04 

. 38131E-03 

.7013 


1.600 

1.350? 

.692956-84 

.377646-03 

• 7016 


1.650 

1.3483 

.66411E-04 

•374026-03 

•7021 


1.700 

1.3451 

.675306-04 

•37043E-03 

• 7023 


1.759 

1.3446 

.666526-04 

• 36688E-03 

.7021 


1 .800 

1.3439 

•65760E-04 

.363376-03 

• 7016 


1.850 

1.3419 

.649116-04 

.350416-03 

• 7036 


1.900 

1.3419 

.640486-04 

.353036-03 

• 7066 


1.950 

1.3405 

.631906-04 

. 3477 IE-03 

.7091 


2.000 

1,3369 

.623366-04 

.342466-03 

•7112 





TAPL C 

IV. 95 

AL-GAS T 

"5 N T P0PI C 

EXPANSIONS OF PARAHYEPOGEN 







A, TT 

= 40,0 < 

PT = 

8.0 ATM 

RHOT = 

.566E-Q? 

G/CM3 

SVT = SCI 

.370 M/StC 




MACH 

re/m 

7 

CP7CV 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A*/A 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A+/A 










-Ct a * TTur ta 

IDEAL 
















0.000 

o. 

.6680 

2.0436 

1.0000 

1.0000 

1.0000 

1.0000 

0.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

.050 

.640-: +oe 

.8660 

2.0437 

.9995 

,9979 

.9991 

.9988 

.0900 

.9997 

.9996 

.9996 

1.0000 

1.0433 

.100 

.1265+0 o 

.867* 

2.043+ 

.9970 

.9913 

.9965 

.9950 

.1790 

.9989 

.9982 

.9985 

1.0000 

1.0424 

.15 0 

.1915*59 

.8676 

2.0437 

.9053 

,9805 

.9921 

.9088 

.2662 

.9976 

.9961 

. 9966 

1.0000 

1,0410 

.200 

.2525 + 09 

.867? 

2.0437 

.9918 

.9659 

.9861 

.9804 

.3507 

.9957 

.9932 

.9940 

1.0002 

1.0392 

.250 

.3135+0 9 

.9668 

2.0436 

.9872 

,9473 

,97 85 

.9696 

.4315 

.9934 

.9894 

.9907 

1.0002 

1.0368 

.30 0 

.3715+09 

.866? 

2.0435 

.9818 

.9255 

.969 + 

.9568 

.5081 

.9906 

.9851 

.9868 

1*0004 

1.0341 

.350 

.4285+09 

.8656 

2.0435 

.9755 

.9007 

,9588 

.9421 

.5800 

.9874 

.9603 

.9823 

1.0006 

1.0312 

,400 

.4835+09 

.8650 

2.0433 

.9684 

.8733 

.9469 

.9255 

.6465 

.9836 

.97 5 0 

.9772 

1.0013 

1.0280 

.450 

.5355+09 

.8642 

2.0430 

.9606 

.8436 

.9339 

.9073 

.7072 

.9799 

.9693 

.9717 

1.0020 

1.0245 

.500 

.5855+09 

.8635 

2.0427 

.95 21 

• 81?** 

.9198 

.88+9 

.762? 

.9756 

.9636 

,9657 

1.0031 

1.0212 

.55 0 

.6325+0 9 

.8637 

2 . 0 4 ? 2 

,9431 

.7 796 

.9047 

.8671 

.8110 

.9712 

.9576 

.9594 

1.0043 

1.0177 

.600 

• 6765+0 9 

.8619 

2.0417 

,9334 

.7*61 

.8388 

• 0454 

.8538 

.9665 

.9516 

.9528 

1.11059 

1.0144 

.650 

.7185+09 

.8611 

?.0412 

.9234 

.7120 

.8723 

.3229 

. 8906 

.9616 

, 9458 

.9460 

1.0079 

1.0114 

.700 

.75 75 + 09 

.8613 

2.0405 

.9129 

.6777 

.0551 

.7997 

.9216 

.9566 

.9401 

,9389 

1.0103 

1.0085 

.750 

.7935+09 

.6595 

2,0397 

.9 r )2’ > 

.6436 

.8375 

.7761 

.9469 

.9515 

.9346 

.9317 

1.0131 

1.0060 

.80 0 

.8265+09 

.6587 

7.0403 

.8913 

.6096 

.8195 

.7520 

.9670 

.9467 

.9293 

.92 44 

1.6163 

1,0039 

.650 

.857E+09 

.8579 

2.0409 

.6803 

.5762 

.8811 

.7277 

.9819 

.9418 

.9241 

.9169 

1.0198 

1.0022 

.900 

.6865+09 

.8571 

2,0*17 

.3691 

• 5436 

.7826 

.7035 

.9922 

.9368 

.9194 

.9094 

1.0239 

1.0010 

.950 

.9125+09 

, 85-63 

2.0424 

.8577 

.5120 

.7640 

.6793 

.998? 

.9319 

.9152 

.9019 

1.0266 

1.0003 

1.000 

.9355+0 9 

.8556 

2 , 0 4? 9 

.8462 

,4014 

.745? 

.655? 

.9999 

.9270 

.9112 

.6943 

1.0336 

.9999 

1.050 

.9575+09 

.8549 

2,0433 

.8347 

.4521 

.7267 

.6317 

.9982 

.9221 

.9080 

* 8869 

1.0395 

1.0003 

1.100 

. 976E + 0 9 

.8543 

2.0435 

.8731 

.4240 

.7082 

.60 34 

.9932 

.9173 

.9053 

.8795 

1.0459 

1*0011 

1.150 

.993E+09 

.8537 

2.0433 

.8114 

.3973 

.6098 

• 5856 

.9853 

.9124 

.90 3? 

.8723 

1.0529 

1.0025 

1.200 

.1016+10 

. 6531 

2.0426 

.7996 

.3719 

.6710 

.5633 

.9748 

.9076 

.9018 

*8652 

1.0605 

1.0045 

1.250 

.102F+10 

.05 + E 

2.04?t) 

.7881 

.3479 

,6540 

.5416 

.9622 

.9029 

.9012 

.86 83 

1.0690 

1.0072 

1.300 

.1035+10 

.8521 

2.0409 

.7766 

.3253 

.6365 

.5206 

.9477 

. B983 

.9012 

.851? 

1.0780 

1. 0105 

1.350 

.104E+10 

.8516 

2.0 794 

. 7651 

,3039 

.6194 

.5001 

.9314 

.8937 

.9019 

,8452 

1.0 876 

1.0143 

1.400 

.1055+10 

.8512 

2,0376 

.7537 

.28+8 

.6027 

.4002 

.9137 

.889? 

,90 32 

.83 89 

1.0979 

1.0188 

1.450 

,1065+10 

.8508 

2.0357 

« 7 4? 4 

. ?65P 

*5864 

.4611 

.8951 

.8 849 

• 905*. 

. 8329 

1.1090 

1,0240 


SATURATION flfJUNOARV REACHED. 


TflRLt IV 


REAL-GAS ISENTROPIC EXPANSIONS OF PARAHYOROGEN 


A. (CONTINUED! 



MACH 

LOCAL ISENTROPIC 
EXPANSION COEFF. 

VISCOSITY 

G/CM-SEC 

THERMAL CONDUCTIVITY 
CAL7CH-SEC-K 

0.900 

I 

.22199E-84 

.84287E-04 

.050 

1.7849 

•22131E-04 

.83978E-04 

.180 

1.7431 

.22077E-04 

.63773E-84 

.150 

1.7537 

•21989E-84 

. 83431E-04 

*200 

1.7614 

.21868E-84 

• 82953E-04 

.250 

1.7457 

•21712E-84 

.8233 IE- 04 

.300 

1.7497 

•21527E-94 

• 81566E-04 

.350 

1,7521 

. 21312E-04 

• 80656E-84 

• 400 

1,7449 

•?1069£*84 

.79593E-04 

.450 

1.7411 

.20802E-04 

•78765E-04 

• 500 

1,7444 

•20512E-04 

.77786E-04 

.550 

1.7352 

• 20200E-04 

. 76494E-84 

.600 

1.7345 

•19871E-04 

• 75157E-84 

.650 

1.7327 

•19526E-84 

•73698E-84 

.700 

1,7279 

.19167E-84 

. 72133E- 04 

.750 

1.7246 

.18796E-04 

•70618E— 04 

.800 

1.7201 

.18415E-04 

.69032E-04 

.850 

1.7173 

. 18025E-84 

•67454E-04 

.900 

1.7175 

.17628E-84 

• 65976E-04 

.950 

1.7159 

,i7227E*04 

•64326E-04 

1.000 

1.7094 

• 16823E-B4 

•62816E-Q4 

1.050 

1.7123 

.16418E-04 

• 61292E-04 

t.100 

1*7071 

• 16013E-84 

.59743E-04 

1.150 

1.7051 

• 15610E-8 4 

•58181E-04 

1.200 

1.7013 

. 15218E-04 

•56612E— 04 

1,250 

1.7087 

• 14814E-84 

.55846E-04 

1 .300 

1.6970 

• 14423E-84 

.53780E-84 

1.350 

1,6914 

• 148 37E-04 

.52479E-04 

1.400 

1.6871 

.13658E-04 

.51123E-04 

1.450 

1.6864 

« 1328 6E “04 

•49726E-04 


PRANDTL 

NUMBER 

• 8278 
.8283 

• 8284 

• 8286 

• 8289 

• 8293 

• 8301 

• 8314 

• 8332 

• 8314 

• 8317 
.8326 

• 8342 

• 8367 
.8399 
.8423 

• 8452 

• 8471 

• 8476 

• 8500 
.8586 

• 8512 
.8524 
.8541 
.8563 
.8591 
.8577 

• 8575 

• 8590 

• 8621 


SATURATION BOUNDARY REACHED* 








TABLE 

IV. R5 

AL-GA6 

r sentpopic 

r 



R. TT 

= + 5.0 K 

PT = 

8.0 ATM 

PHOT = 


MACH 

05/M 

7 

CP/tV 

SV/SVT 

P/PT 

T/TT 


0.000 

0. 

, 9087 

1.9185 

l.oaon 

l.O'OOO 

1.0000 


.050 

• 5405 + n B 

.90 86 

1 .9186 

.9995 

.9979 

.9991 

l 

.100 

.1085*09 

.9065 

1.9187 

.9980 

.9913 

.9965 

i 

.150 

.1616+09 

.90 8 3 

1.9188 

.9956 

.9808 

.9922 

ji 

g 

.200 

.2135+09 

. 9080 

1.9189 

.992? 

.9661 

.98 6? 

i! 

i. 

.250 

.2645 + 0 9 

. 90 76 

1 .9190 

. 9 ; y -j 

.9+78 

,9787 

f 

.TOO 

.*1 .35 + 0 g 

.9071 

t ,91°1 

.9828 

. 9261 

.9696 

1 

c 

.35 0 

. 361E + 09 

.9066 

1 . 9l°3 

.9768 

.9014 

.9591 

( 

fc 

.400 

.4075+09 

.9061 

1.9193 

. 97 HO 

.0 7*1 

.9473 

ft 

h 

.450 

.451 r +09 

.9054 

1.9193 

.9626 

. 84+6 

.9343 

t 

.5PO 

,4935+09 

.9048 

1 .919? 

» 9544 

,01 T 3 

.920 7 


.550 

.53*6+19 

.9041 

1.9190 

.9457 

.7806 

.9051 


.600 

. 5696 + 0 9 

.9034 

1,9188 

.9364 

.7471 

.889? 


.650 

, -604E + 09 

• 9027 

1.9184 

.9266 

.7129 

.8726 

fj. 

.700 

.6365+09 

.9020 

4 . C 1 50 

• 91 6+ 

.6786 

.0554 


.75 0 

. 6665+09 

.9013 

i - : 74 

.9059 

, t ++3 

.8377 


.800 

, 6946+09 

.9007 

, 916 8 

.8951 

.6134 

.8196 

5 

.850 

.7196 + 09 

.9000 

1.9161 

.8340 

,5 770 

.8013 

i 

.900 

.7435+09 

.8994 

1.9153 

.872$ 

.5445 

.7820 

| 

.95 n 

• 764E+0 9 

.8987 

1 .9144 

.8614 

,5128 

.7641 

t" 

1.00 0 

,7835+09 

. <981 

i , Q 135 

. 8+99 

,4073 

.7 + 55 


1.050 

.8005+09 

.89X6 

1.9133 

. 83 84 

* +529 

.7263 

i.- 

if- 

1.100 

.8165+09 

.8970 

1.9131 

.8770 

.42 + 7 

.700? 

| 

1.150 

.8295+09 

.8965 

1 .9179 

.81 55 

.3978 

.6898 


1 .200 

. 841 5 +n g 

.8960 

1.9177 

.80+0 

,3777 

.6715 

I 

1.250 

.8*25+09 

.8956 

1 » 9 l? c 

.7926 

. ?4"0 

.6 5 36 

1.300 

. 8615+09 

.8952 

1 9 1 2 0 

.7*12 

.3250 

.6350 

F- 

1 .35 0 

.8695*09 

.8949 

ln a ll 5 

.76 98 

• 3 0 3 + 

.6185 

r 

f 

1 .400 

.8X6-+09 

.8 945 

l h 9 1 0 * 

.7586 

.PS’? 

.6015 


1.450 

. 8815+09 

• 89+2 

1.9099 

.7475 

.26 + 1 

.5848 

r 

1.500 

.8866+09 

• B9 39 

1.9089 

.7365 

.246? 

• 56 06 

1 

1.550 

.6895+09 

.8936 

1.9Q77 

.7256 

.2296 

.5527 

i. 

1.600 

.6926+09 

.8935 

1 .9064 

.7149 

.2140 

.5373 

a 

1.650 

.8946+09 

.8933 

1.9051 

.7043 

.1994 

.5223 

s 

1.700 

.8956+09 

.8931 

1.9036 

.6939 

,1859 

.507? 

K 

1.750 

.895E+09 

.8930 

1,9021 

.6837 

.1732 

.4936 

ii 

1,800 

.8956+09 

.8928 

1.9007 

.6736 

.1614 

.4799 

■ 

1.850 

.8945+09 

.892 7 

1.8993 

.6637 

.1506 

.4666 


EXPANSIONS PF PARAhYC»OG£N 


. + 016-02 G/CW3 SVT * 541,451 M/SEC 


RHG/RHOT 

A*/A 

3V/SVT 

P/PT 

T/TT RHO/RHOT 

A*/A 




•RELATIVE 

TO IDEAL GAS VALUES 

— — 

1.0000 

0.0000 

1.0000 

i • D uOO 

1.0000 1.0000 

1.0000 

.998 8 

.0897 

.9998 

.9996 

.9996 1.0000 

1.0400 

.9949 

.1785 

.9990 

,9982 

. 9985 .9999 

1*0391 

.9889 

.2655 

.9978 

.9963 

.9967 1.0001 

1.0360 

.9804 

.3497 

.9962 

.9935 

.9941 1.000 t 

1.0364 

.9696 

,4305 

.9941 

.9899 

.9909 !.0ftu2 

1.0343 

.9568 

.5070 

.9916 

.9858 

.9870 1,0004 

1.0319 

.9470 

.5789 

.9887 

.9811 

.9826 1.0006 

1.0293 

.9254 

,6454 

.9854 

.9760 

.9776 1.0012 

1.0263 

.9072 

.7063 

.9819 

.9705 

.9721 1.0019 

1.0233 

.8977 

.7614 

.9780 

.9648 

.9662 1.0028 

1.0202 

.8668 

.8104 

.9738 

.9588 

.9599 1.0039 

1.0170 

,8450 

.8533 

.9695 

.9529 

.9532 1.0054 

1.0139 

.0223 

.8903 

.9650 

.9469 

.9463 1.0072 

1.0110 

.*991 

.9215 

.9603 

.9413 

.9392 1.0095 

t.i'064 

.7754 

.9469 

* 9555 

,9357 

.9320 1.0122 

1.0060 

.7513 

.9670 

.9507 

.9304 

.9246 1.0153 

1.0040 

.72^1 

.9820 

.9458 

.9255 

.9171 1.0189 

1.0023 

.*023 

.9922 

.9408 

.9208 

.9096 1,0229 

1.001? 

.6x«fe 

.9981 

.9359 

.9167 

.9021 1,0274 

1.0002 

• 6546 

1.0000 

.9310 

.9130 

.8946 1.0326 

1.0000 

.6309 

.9903 

.9263 

.909 7 

.6871 1,0362 

1.0003 

.6075 

.9933 

.9216 

.90 6 9 

.8796 1,0443 

1.0012 

.5844 

.9852 

.917 0 

.90 44 

.8722 1.0509 

1.0024 

.5620 

.9747 

.<*125 

.90 26 

.8650 1.0582 

1.0043 

.5402 

.9619 

.9030 

.5013 

.8576 1,0661 

1.0069 

.5188 

*9471 

,9036 

.9006 

.9508 l„t. v 44 

1.0 099 

. + 98? 

. 930 J' 

.8993 

.90 04 

•6439 1.0835 

1.0135 

.4703 

.9130 

.8950 

.9011 

,8372 1.0934 

1.0179 

.4590 

.8 941 

. ft 90 9 

.90 23 

.8307 1.1037 

1.0229 

.4402 

.6742 

.6868 

.9040 

.8244 1.1146 

1.0262 

.4223 

.8538 

.8829 

*90 65 

.8163 1.1264 

1.0345 

.4050 

.8327 

.8790 

.9094 

.8124 1.1365 

1.0410 

.7884 

.8114 

.8753 

.9132 

.8067 1.1515 

1.0465 

.3724 

.7897 

.8717 

.9174 

.8012 1.1650 

1.0563 

.3571 

.7680 

.8681 

.9223 

.7959 1.1791 

1.0646 

.3474 

.746? 

.0647 

.9276 

.7908 1*1936 

1.0736 

. 32 93 

.7246 

.0614 

.9336 

.7660 1,2091 

1.0834 
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T ABLE IV. REAL-GAS ISENTROPIC EXPANSIONS OF PARAHYCRQGEN 


S, CCONTINUEDI 


MACH 

LOCAL ISENTROPIC 
EXPANSION COEFF. 

VISCOSITY 

G/CM-SEC 

THERMAL CONDUCTIVITY 
CAL/CM-SEC-K 

PRANDTL 

NUMBER 

0 .000 

I 

.24137E-04 

. 91348E-04 

.7736 

.050 

1.7551 

•24066E-Q4 

. 91029E-04 

.7740 

.100 

1.7157 

.24011E-04 

* 90779E-04 

.7742 

.150 

1.7548 

.239206-04 

• 90372E-04 

.7747 

.200 

1.7346 

.23793E-04 

.0939 9E-04 

.7709 

* ?50 

1.7373 

• 23633E-04 

• 08765E-O4 

.7790 

.300 

1.7341 

. 23440E-04 

. 0798 2£— 04 

.7794 

• 350 

1.7372 

•23216E-04 

• 0785OE-O4 

.7001 

.400 

1.7321 

. 22964E-04 

. 05961E-O4 

• 7012 

.450 

1.7304 

. 22684E-04 

•04063E-O4 

.7815 

.500 

1.7307 

.223006-04 

.83602E-04 

.7025 

.550 

1.7242 

•22054E-04 

• 0223 8E-04 

.7837 

.600 

1.7253 

•21708E-04 

•0O785E-O4 

•7652 

.650 

1.7218 

•21344E-94 

.79250E-04 

.7069 

.700 

1.7231 

•20966E-04 

.7764 8E-04 

.7009 

.750 

1,7176 

•20574E-04 

.761446-04 

.7094 

.800 

1.7157 

.20171E-0* 

•74592E-04 

.7901 

.850 

1.7133 

. 197 60E-04 

.729706-04 

.7913 

.900 

1.7089 

.19342E-04 

.71287E-04 

.7930 

• 950 

1.7073 

• 18919E-04 

•69553E-04 

.7952 

1.000 

1.7054 

• 18492E-04 

■67870E-04 

.7960 

1.050 

1.7038 

. 10O62E-O 4 

. 66170E-O4 

.7905 

1.100 

1.7020 

•17632E-04 

•6453SE-04 

.7992 

1.150 

1.6974 

•17201E-04 

•62958E-04 

.7992 

1.200 

1.6990 

.16772E-04 

• 613.S9E-04 

.7995 

1.250 

1,6975 

* 16346E-04 

.597506-04 

.8002 

1.300 

1.6930 

• 15923E-04 

•58166E-04 

.8007 

1.350 

1.6919 

• 15506E-04 

• 56596E-04 

.8014 

1.400 

1.6933 

• 1509 5£-04 

.550306-04 

• 8026 

1.450 

1.6893 

. 146B9E-0 4 

.53471E-0* 

• 8041 

1.500 

1.6847 

• 14291E-U4 

. 52043E-Q4 

.8042 

1.550 

1.6871 

•13900E-04 

•50628E-04 

• 8048 

1.600 

1.6800 

.13517E-04 

•49180E-O4 

.8065 

1.650 

1.6826 

. 13142E-04 

•47715E-04 

• 8094 

1.700 

1.6771 

. 12775E-04 

•46237E-04 

.8134 

1.750 

1.6769 

.1241 7E-04 

.447586-04 

• 8185 

1.800 

1,6728 

•12068E-04 

.43430E-O4 

.8220 

1 .850 

1.6718 

•11726E-04 

•42179E-04 

• 0250 
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T A”LS IV. REAL-GAS IS2NTR0PIC EXPANSIONS OF PARAhTCROGEh 





C. TT 

= 50.0 K 

PT = 

8.0 ATP 

RHOT » 

• 421 £-8 ? 

G/CM3 

SVT - 576 

.160 M/SEC 





PACK 

RE/M 

7 . 

CP/CV 

sv/svr 

P/PT 

T/TT 

RHO/RHOT 

A*/A 

SV/SVT 

P/PT 

T/TT 

bho/rhct 

A*/ A 












RELATIVE TO 

XOEAL 

GAS VALUES- 

■“****« 

£1 . 

0,000 

0. 

.9345 

1.3435 

1.0000 

1.0000 

1.0000 

1.0000 

0.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 


.050 

• 466E + 0 0 

. 9144 

1.8439 

.9995 

. 9979 

.9991 

.9988 

.0894 

.9998 

.9996 

.9996 

1.0000 

1.0366 

i 

.100 

•929E+08 

.9343 

1.8440 

.9981 

.9915 

.9966 

.9951 

.1780 

.9991 

.9905 

. 9906 

1.0001 

1.0360 


.150 

. 139E + 09 

.9341 

1 .844* 

.9953 

.9809 

.9923 

.9889 

.2646 

.9981 

.9964 

.9968 

1.0000 

i. 0340 

5 

l 

.?00 

.104E+O9 

.9**9 

1 .94*6 

.9927 

.9664 

.9864 

.9803 

.3487 

.9966 

.9937 

.9943 

1.0001 

1.0 333 

t 

i . 

.25 0 

.227E + 0? 

.9335 

1 .8450 

«98B6 

.9482 

.9789 

.9696 

.4293 

.994 7 

.9903 

.9912 

1.0002 

1.0315 


.300 

.2706*09 

.9332 

1.8465 

.983* 

.9266 

.9699 

.9567 

.5058 

.9925 

.9663 

.98 74 

1.0003 

1.0293 

g 

.350 

.311E+09 

.9327 

1.8460 

• 97 SD 

.9019 

.95 95 

.941 8 

.5775 

.9899 

.9017 

.9830 

1.0005 

1.0268 

j; 

.400 

.351E+09 

,9*2? 

1 .8465 

.9715 

.8 7+8 

.9+78 

.9253 

.644? 

.9869 

.9768 

.9701 

l.OOil 

1.0243 

f; 

.450 

.3895+09 

.9317 

1.8470 

.96+3 

, 84 r 4 

.9349 

.9070 

.7052 

.9837 

.9715 

.9727 

1.0017 

1.0216 

\.- 

r. 

.500 

.4256+09 

.9111 

1.8474 

.9565 

.8142 

. 92 09 

• 88 7 4 

,7603 

.9801 

.9656 

, 9669 

1.0025 

1,0187 

i 

.550 

.458E+09 

.9*05 

1.8477 

.9480 

.7816 

.9059 

. 8665 

.8094 

.9763 

. 9600 

.9607 

1.0036 

1.0158 

y 

|L 

.6 0 0 

.490E+09 

. 9? 99 

1.8480 

.9*90 

,74** 

.8900 

.3446 

.8526 

*9722 

.9541 

.9541 

1.0050 

1.0130 


.660 

.5206+09 

.9*9* 

1.848! 

.9295 

.71*9 

.8714 

.8219 

.8897 

,9680 

.9482 

.9472 

1.0067 

1.0103 


.700 

* 548F + 0 9 

.9’ 86 

1 .84fll 

.9196 

. b79 + 

.8562 

.7985 

.9209 

.9636 

.9424 

.9401 

l.ooes 

1.0078 

l; 

.750 

• 573E + 0 9 

.9280 

1 .8480 

.9093 

. 6461 

.8385 

<1 774 8 

• 9466 

.9591 

.9369 

.9329 

1.0114 

1.0057 

JS 

.SOD 

.5976+0 9 

.9274 

1 .8478 

. 8987 

.till 

.8204 

. 7506 

.9667 

,9545 

.9315 

.9255 

1,0143 

1.0037 

i 

.85 0 

.6186+09 

.9*67 

1 .8475 

. 8878 

.5 777 

.8021 

.7262 

.9818 

.9498 

.9265 

.9180 

1.0177 

1.0021 

t 

i 

.900 

.6386+09 

.9262 

1.8470 

.8767 

.6449 

.78 5* 

.7013 

.9920 

.9450 

.9217 

.9104 

1.0215 

1.0000 

k 

.950 

.6566+09 

.9256 

1.8466 

.8654 

. 5133 

.7648 

.6777 

.9981 

,9403 

.9176 

.9028 

1.0261 

1.0003 

$ 

1.000 

.6726+09 

.9250. 

1.8459 

. 8540 

.4827 

.7461 

.6536 

1.0000 

.9355 

.9137 

,8953 

1.0310 

1.0000 


1.050 

.6866+09 

. 9* + 5 

1.845* 

, 8425 

.+5*2 

.7274 

.6293 

.998? 

.9300 

.9103 

• 8 ft f 8 

1.0365 

1.0002 

E: 

t 

1.100 

.6996+09 

,9* + 0 

1.8445 

.8310 

.4*5 D 

,70 88 

• 6n64 

.9931 

.9261 

.90 75 

. 8603 

1.0425 

1.0010 

s 

1.150 

.7106+09 

.9236 

1.8438 

.6195 

,39"1 

.6904 

.3835 

.9851 

.9215 

.9052 

.8730 

1.0491 

1.0923 


1.200 

.7206+09 

.9232 

1.8430 

.8079 

.3726 

.6721 

.5611 

.9746 

.9169 

.90 34 

.8657 

1.0564 

1.0042 


1.250 

.7286+09 

.92 27 

1 .9425 

.7 965 

, 34 R 3 

, 6 54 1 

.579? 

.961 8 

.91*5 

.9021 

.8586 

1.0641 

1.0067 

r 

1.300 

. 7356 *0 9 

.<*2 2+ 

1.8421 

.785! 

. 3*53 

.6364 

.5178 

.9+69 

.906? 

.9012 

.8515 

1. 0723 

1.0097 

•> 

1.350 

,7416+0 9 

.9220 

1.8417 

.7739 

. 30 36 

.6189 

.4971 

,9305 

.9040 

.9010 

.8445 

1,0812 

1.0133 

t 

1.40 0 

.7466 + 0 9 

.9217 

1.8412 

.762* 

. 2 832 

.6018 

.4770 

.9125 

.0996 

.9011 

.8377 

1.0905 

1,0173 


1.450 

.zso^+og 

.9214 

1.8407 

.7516 

.26+0 

.5851 

. + 576 

. 8934 

.8958 

.9019 

.8311 

1.1005 

1.0220 


1 .500 

.7546+09 

.9*12 

1.840? 

.7 + 06 

• 2+61 

.5687 

.4*89 

.8735 

.6918 

.9033 

.8246 

1.1112 

1.0274 

i 

1.55 0 

. 7566+09 

.9*10 

1.8396 

.7*98 

.2293 

.6528 

.4209 

. 8529 

.0079 

.9053 

. 8184 

1.1225 

1.0334 

:• 

1,600 

.7585 + 09 

.9207 

1.8389 

.7191 

.2136 

.5372 

.4033 

.6318 

.084? 

.9079 

.8122 

1.1344 

1.0399 


1.65 D 

.7596+09 

.9206 

1.8381 

.7085 

.1989 

.5 220 

.3868 

.6102 

.0806 

.9110 

.8063 

1.1469 

1.0+70 


1.700 

.7596+09 

.9204 

1.8372 

.6981 

.1853 

.5073 

.3708 

.7885 

.8770 

.9147 

.8006 

1.1600 

1.0547 


1.750 

.7596+09 

.9201 

1.8363 

.6879 

.1726 

.4930 

.*555 

.7667 

.8735 

.9190 

.7950 

1.1738 

1.0630 


1.800 

.7596+09 

. 920? 

1.8353 

.6778 

,1608 

.4791 

. 3408 

.7448 

, 8701 

.9230 

.7696 

1.1861 

1.0718 


1.850 

.7586+09 

.9201 

1.8343 

.6679 

.1498 

.4657 

.3267 

.7232 

.8669 

.9293 

.7844 

1.2032 

1.0813 


1.90 0 

.75 65+0 9 

.9200 

1.8333 

.6582 

.1396 

.4526 

.313? 

.7017 

.8637 

.935? 

.7794 

1.2107 

1.0913 


1.950 

.7546+09 

.9*00 

1 .8323 

.6486 

.1301 

.4400 

.3002 

. 6 **0 4 

, 8606 

.9415 

. 7746 

1.2347 

1.1017 


2.000 

, 752Etn 9 

.9199 

1 .831 3 

.6393 

.1212 

.4277 

.2879 

.6595 

.0577 

.9486 

.7699 

1.2515 

1.1129 




TABLE IV. REAL-GAS ISENTROPIC EXPANSIONS OF PARAHYCPOGEN 

C. « CONTINUED! 


MACH 

LOCAL ISENTROPIC 

VISCOSITY 

THERMAL CONDUCTIVITY 

PRA.VOTL 


EXPANSION COEFF. 

G/CM-SEC 

CAL/CM-SEC-K 

NUJiSEF 

o.doo 

I 

•26049E-04 

.98655E-04 

.7440 

.050 

1.7277 

•25975E-04 

•98342E-04 

.7441 

.100 

1.7343 

.25918E-B4 

.98106E-04 

.7442 

*150 

1.7149 

• 25824E-0 4 

•97713E-04 

.7442 

.200 

1.7203 

.25693E-64 

•97168E-04 

.7443 

.250 

1.722? 

.25527E-04 

•96477E-04 

.7445 

.000 

1.7196 

• 25327E-04 

.95643E-04 

• 7447 

.350 

1.7177 

* 25095E-04 

.94674E-04 

.7450 

• 400 

1.7249 

.248326-04 

•93582E-04 

.7454 

.450 

1.7199 

.24542E-04 

■ 9230 3E-04 

• 7464 

.500 

1.7174 

• 2422 5E-04 

•90890E-04 

.7477 

*550 

1.7174 

• 23884E-04 

•89381E-04 

.7492 

.600 

1.7162 

.23522E-04 

* 67787E- 04 

.7508 

.650 

1.7142 

.23141E-04 

. 85654E-84 

.7566 

.700 

1.7130 

.22744E-04 

. 84008E-04 

.7577 

.750 

1.7136 

.22333E-04 

.82327E-04 

• 7568 

• SOQ 

1.7083 

* 21909E-04 

.805936-04 

.7601 

.850 

1.7075 

* 21476E-04 

.78817E-04 

.7616 

.900 

1.7039 

. 210 34E-0* 

.77007E-04 

.7632 

.950 

1.7075 

.20588E-04 

.751866-04 

.7649 

1 .000 

1.7015 

» 201 3 6E-04 

.73437E-04 

.7657 

1.05G 

1.6994 

,196826-04 

.71673E-04 

.7668 

1.100 

1.6985 

.19228E-04 

.69898E-04 

.7680 

1.150 

1.6958 

•18773E-04 

.68121E-04 

.7693 

1.20 0 

1.6950 

.18320E-04 

•66347E-04 

.7708 

1.250 

1.6930 

•17869E-04 

.645B0E-04 

.7724 

1.300 

1.6907 

.17420E-04 

.62908E-04 

.7728 

1.350 

1.6912 

. 16976E-04 

.61300E-04 

.7727 

1.400 

1.6860 

.16537E-04 

.59684E-B4 

.7729 

1.450 

1.6869 

•16104E-04 

.58067E-04 

.7734 

1.500 

1.6663 

.156706-04 

.564546-04 

.7742 

1.550 

1.6854 

.1525CE-04 

• 5486 IE- 04 

.7753 

1.600 

1.6838 

.14847E-04 

•53281E-04 

.7766 

1.650 

1.6814 

.14443E-04 

•51725E-04 

.7782 

1.700 

1.6813 

.14047E-04 

.50250E-04 

.7792 

1.750 

1.6804 

• 13661E-04 

.48760E-04 

.7812 

1.800 

1.6768 

. 13263E-04 

.47368E-04 

.762? 

1 .850 

1.678? 

.12914E-04 

.46029E-04 

.7631 

1 .900 

1.6757 

.12553E-04 

.447186-04 

.7642 

1.95 0 

1.6718 

• 12202E-0 4 

.43437E-Q4 

.7655 

2.000 

1.6741 

•11860E-O4 

.4218SE-04 

.7871 



TA9L5 IV, KEAL-GaS ISENTPOPTC 




0. IT = 6(1.1) K 

PT = 

6.0 ATM 

PHOT = 

MACH 

RE/M 

2 CP/CV 

SV/SVT 

P/FT 

T/TT 


0.000 

0. 

.96*2 

1.7450 

1.0000 

1 .0000 

1.0000 

.050 

• 3635+0 8 

. 9642 

1.7467 

.9996 

.9979 

.9992 

.100 

• 7?3E>0 B 

• 95*1 

1.7462 

• ‘3984 

.9915 

.9967 

.150 

.106E+09 

.9640 

1.7470 

.9964 

.9 81 3 

.9926 

.200 

. 1432+0 9 

.9678 

1.7481 

.9936 

.9671 

.9870 

,250 

.1772+09 

.9675 

1.7494 

.9901 

.9493 

.9797 

.300 

.2102+09 

.9632 

1.75111 

• 985* 

.9279 

.9711 

.350 

.242E+09 

.9628 

1.7527 

.9807 

. 9036 

.9610 

,4no 

.2732+09 

. 96?** 

1.7546 

. 9750 

.8766 

.9496 

.450 

.3025+09 

• 96 20 

1.7565 

.9685 

.8475 

.9369 

.500 

.3302+09 

.9615 

1.7584 

. 9614 

.8165 

.9232 

.550 

. 35 72 +0 9 

. 9611 

1.7605 

. 9537 

.7639 

.9084 

.600 

.3012+09 

.9616 

1.7624 

.9454 

, 7504 

.8928 

.650 

.4042+09 

.9600 

1 • r 64 2 

.9366 

.7162 

.8764 

.700 

•4252+09 

.95 95 

1.7658 

. 927? 

.6815 

.8593 

• 75 0 

,4452+0 9 

.9590 

1.7673 

.9175 

.6+71 

.8*16 

.800 

.4632+09 

.55 04 

1.7665 

.91173 

. 61 ’8 

. 8235 

.850 

•479E+09 

.9579 

1,7696 

.8968 

.579? 

.8051 

.900 

•494E+09 

.9=74 

1.7704 

.8861 

.5463 

.7865 

.95 0 

.507E+09 

.9569 

1.7711 

.8751 

.51-3 

.7677 

1.000 

.519E+09 

.9564 

1 .7715 

.8639 

,4076 

.74 89 

1.050 

•529E+09 

.9559 

1 .7 T 1 0 

■ 85?6 

.4536 

.7301 

1.100 

•53BE+D9 

* 95 65 

1.7719 

.8412 

.4265 

.7114 

1.150 

.5462+09 

.9550 

1.7718 

.8297 

.3984 

.6929 

1.200 

•553E+09 

.9546 

1.7717 

.8183 

.3727 

.6745 

1.250 

.5592+09 

.9543 

1.7714 

,8069 

• 3 4 8 3 

.6564 

1.300 

.5642+09 

.9519 

1.7711 

.7954 

.3*53 

,6386 

1.350 

.5682+09 

• 9516 

1.7706 

.7840 

.3 035 

.6211 

1.400 

.5712+09 

• °5 33 

1.770? 

.7727 

.2331 

.6040 

1.450 

.5732+09 

.9510 

1.7697 

.7615 

, 2639 

.537? 

1 .5D0 

.5752+09 

,95’S 

1.7691 

.7505 

.245 9 

.5707 

1.550 

.5762+09 

.9525 

1.7686 

.7395 

.2292 

.5547 

1.600 

.5762+09 

.9523 

1.768? 

.7288 

.2134 

.5390 

1.65 0 

.5762+09 

.9521 

1.7678 

.7181 

.1987 

.5238 

1.700 

.5762+09 

.9520 

1 .7674 

.7077 

.1650 

.5091 

1.750 

.5/52+09 

.9518 

1.7670 

.6974 

.17’? 

.4945 

1.800 

.5742+09 

.9517 

1.7665 

. 6872 

.1604 

.4805 

1.85 0 

.572E+09 

.9516 

1.7661 

.6772 

.1493 

.4669 

1.900 

.5702+09 

.9515 

1.7656 

. 66 7 

.1 351 

. 45 T 8 

1 .950 

. 56 82+ 0 9 

.9514 

1 .7651 

. 6578 

.1795 

.441 n 

2.000 

.5662 + 0 9 

9514 

1.7645 

. 6433 

.1207 

.42 86 



T AOL£ 


V 


*FAL*GAF rSENTPQPIC EXPANSIONS OF PA 9 AH YCPOGEN 


war 


H. (CONTINUED! 



MACH 

LOCAL IStNTPOPIC 
EXPANSION COEFF. 

VISCOSITY 

G/CM-SFC 

THERMAL CONDUCTIVITY 
CAL/CM-SEC-K 

PRANDTL 

NUMBEP 


0.000 

I 

.29733E-04 

. 11626E-0 3 

.’013 


• C50 

1.6656 

.’9653E-04 

• 1158 8E-Q3 

.7013 


.100 

1.6725 

.29594E-04 

* 11559E-03 

.7013 


.150 

1.6946 

.29495E-Q4 

. 1151 3E-0 3 

.7013 


.200 

1.6917 

. 29359E-04 

.U447E-03 

.7013 


.’50 

1.6910 

• 291 84E-0 4 

• 11364E-0 3 

.7014 


.300 

1.6821 

.20974E-9* 

. 11263E-D3 

.7016 


.350 

1.6831 

. 267206-04 

. 11146E-03 

.7018 


• 400 

1.6933 

• 28450E-04 

• 11 013E-03 

.7022 


.450 

1.6867 

. 28140E-94 

. 1 0865E-03 

.7027 


.500 

1 .6930 

. 27802E-04 

• 10486E-03 

.7180 


.550 

1.6890 

. 27436E-0 4 

. 10325E-03 

.7182 


.600 

1.6932 

.27D46E-04 

•10154E-03 

• 7186 


.650 

1.6958 

. 26634E-04 

• 99753E-04 

.7191 


.700 

1.6901 

• 2620 3E-04 

. 97911E-04 

.7194 


,750 

1.6982 

• 25755E-04 

. 96006E-04 

.7200 


. 000 

1.6917 

. 25292E-0 4 

.94064E-04 

.7206 


.850 

1.6979 

•24817E-04 

■ 92Q94E-B4 

.7212 


.90 0 

1.6919 

.?433*E-04 

•9Q085E-G4 

.722(1 


• 950 

1.6925 

.?38*l£-04 

•87952E-04 

.7237 


1 .000 

1.6960 

* 23344E-0 4 

. 85818E- 04 

.7255 


1 . 050 

1.6905 

.22342E-04 

. 8318 9E-04 

.7317 

' i i ‘l 

1.100 

1.6925 

• 22339E-04 

. 81 147E-04 

.7331 

1 1 - >=■'-*. 
f r ' J 

1 .150 

1.6395 

.’1836E-0* 

.79110E-D4 

.7345 

.y., .*-i 

[ <w . 5-v 

1 : 'i ' • 

1.20 0 

1.6920 

• 21 333E-04 

■ 770 85E-04 

.7360 

<>• M 

1.25 0 

1 • 6872 

.203335-04 

• 75079E- 04 

.7376 

f' k 

t .300 

1.6095 

.20336E-0* 

• 73116E-04 

.7390 

fe r, 

1 ,350 

1.6860 

. 19847E-0 4 

, 71223E-04 

.740 0 

fate 

1.400 

1.6049 

.19355E-04 

.69359E-04 

.7409 

1 - 

1 .450 

1.6852 

.13874E-04 

, 6752 8E-04 

,7419 


1.500 

1.6816 

.18398E-04 

• 65732E-04 

.7428 


1.550 

1.6849 

.179X0E-O4 

.63976E-04 

.7436 


1.600 

1.6S14 

• 17469E-B4 

• 62257E-04 

.7443 


1.650 

1.6791 

•17016E-04 

.60554E-04 

.7451 


1.700 

1.6799 

• 1657 1E-0 4 

• 5 886 7E- 04 

.7462 


1 .750 

1.6793 

• 161 3 5E-0 4 

.57204E-04 

.7474 


1 .300 

1.6709 

.1570 8£-0h 

• 5 561 0E-04 

.7482 


t .850 

1.677? 

. 15290E-04 

• 54065E-04 

.7489 


1.900 

1.6747 

• 14881E-04 

•52562E-04 

.7495 


1.950 

1.6783 

. 14401E-O4 

♦ 51 10 IE-04 

.7501 


2.000 

1.67*1 

. 140 91 E-04 

. 496 8 ?E- 0 4 

.7505 


rapt r :v 


»:al -c-as isentpopic expansions of parahycrogen 






* 






5. TT 

- 60 . Q « 

PT = 

8,0 ATP 

PHOT = 

.2485-02 

G/CM3 

SOT = 716 

.788 M/SEC 




MACH 

RE/M 

7 

CP/CV 

Stf/SVT 

•-'/FT 

T/TT 

RHO/RHOT 

A*/A 

SV/SVT 

P/PT 

T/TT 

RHO/RHCT 

A*/A 


























liltAL 

OSS VALUt )' 


0.000 

0 . 

. 9390 

1.5896 

1.0000 

1.0000 

1.0000 

1.0000 

0.0000 

1.0000 

1.0000 

1 . 0000 

1.0000 

1.0000 

.050 

.2445+08 

.9839 

1.5910 

.9997 

.9961 

.9993 

.9988 

.0670 

1.0000 

.9999 

.9998 

1.0001 

1.0090 

.100 

.4865+09 

.9869 

1.6919 

.9989 

.992? 

.997? 

.9951 

.1733 

.9999 

. 9992 

.9992 

1.0001 

1.0089 

.150 

.7265+08 

,9363 

1.5935 

.9975 

.9825 

.9937 

.9889 

.2580 

.9998 

.9980 

. 9982 

1.0000 

1.0087 

.20 0 

. 961E+0 5 

.9387 

1.5«56 

.9956 

.9691 

.9889 

.9802 

.3403 

.9996 

.9965 

.9968 

1.0000 

1.0085 

.250 

.1195+09 

• 98 85 

1.5983 

.9932 

.9522 

.98 27 

.9694 

.4196 

.9993 

.9945 

.9950 

1.0000 

1.0063 

.300 

.1415+09 

.9333 

1.6016 

.990? 

,93?n 

,975? 

.9563 

.4953 

.9990 

.9920 

.9927 

.9999 

1.0079 

.■*50 

•163E+09 

.98 81 

1 . 6054 

.9866 

.9089 

. 9 664 

.9414 

.5667 

.9986 

.9892 

.9901 

1.0001 

1.0076 

.<*00 

.1645+09 

.98 78 

1,60a? 

.9825 

. 8830 

.9 563 

.9244 

.6334 

.9981 

.9859 

.9869 

1.0001 

1.0072 

• 45 0 

.2035+09 

.9375 

1.6146 

.9779 

» 85 ‘‘S 

.9451 

.9058 

.6949 

.9975 

.9823 

.9834 

1.0003 

1.0067 

,500 

,??2t+09 

.9872 

1.6198 

.9727 

. 8?**fc 

.9328 

.8856 

.7509 

. 996 8 

.9781 

.9794 

1.0005 

1.0061 

.550 

, 235E + 0 5 

.9869 

1 .6255 

.9670 

.7926 

. 91 93 

.8640 

.8011 

.9959 

.9735 

-9749 

1,0006 

1.0054 

.600 

.2565+09 

.9365 

1.6314 

.9603 

.7594 

.9049 

.8413 

.8455 

.9948 

.9606 

. J7 00 

1.0010 

1.0047 

.650 

.271E+09 

.9862 

1.6377 

. 9541 

. 7253 

.8696 

.8177 

.8841 

.9936 

.9635 

.9647 

1.0016 

1,0040 

.700 

.285E+09 

.9858 

1.6440 

.9463 

,690 7 

.8734 

.7933 

.9167 

.9921 

.95 80 

.9590 

1.0022 

1.0032 

.750 

•2985+09 

. 9854 

1.6505 

.9391 

.6558 

.8565 

.76 84 

.9435 

.9905 

.9523 

.9528 

1.0031 

1.0024 

.800 

.3095+09 

.9 850 

1.6569 

.930 6 

.6210 

.8390 

.743? 

.9648 

.9886 

.9466 

.9464 

1.0043 

1.0017 

.850 

.3205+09 

.9346 

1.6632 

.9221 

.5366 

,8209 

.7177 

.980 7 

.9865 

.9407 

.9396 

1.0057 

1.0010 

.50 0 

.3295 + 09 

.9342 

1.6693 

.9130 

.5529 

.8025 

.6923 

.9917 

.9841 

.9351 

.9325 

1.0077 

1.0005 

.550 

.3385+09 

♦ 9838 

1.6750 

.9934 

.5199 

,7837 

.6669 

.9978 

.9816 

.9293 

.9252 

1.0098 

1.0000 

1 .000 

.3455+09 

.983-. 

1 .6e05 

.8935 

,488? 

.7646 

.6420 

1.0000 

.9788 

.9241 

,9177 

1.0126 

1.0000 

1.050 

.3515+09 

.9831 

1 .6354 

.863? 

» '♦576 

.7457 

.6173 

.9981 

.9758 

.9190 

.9101 

1.0159 

1.0001 

1.100 

.3575+09 

.9327 

1.6899 

.8 727 

.4283 

.7266 

.5932 

.9927 

.9726 

.9144 

.9025 

1.0197 

1.0006 

1.150 

.3615+09 

.9823 

1,6939 

.8619 

,4004 

.7076 

.5695 

.9843 

.9692 

.9103 

.8948 

1.0242 

1.0015 

1.200 

,3655+09 

.9820 

1 .6975 

.851)9 

.3740 

.6888 

.546 0 

.9734 

.9657 

.9068 

.8872 

1.0294 

1.0030 

1.250 

.3685+09 

.9817 

1.7005 

.8398 

.3489 

.670? 

.5245 

.9600 

.9621 

.90 39 

.8796 

1.0352 

1.0049 

1.300 

.3705+09 

.9813 

1.7031 

.8286 

.3254 

.6519 

.5030 

.9447 

.9584 

.9016 

.8722 

1.0417 

1.0073 

1.350 

.3725+09 

.9311 

1.7052 

. 8173 

,3032 

.6338 

.4823 

.9277 

.9547 

.8999 

.8649 

1.0489 

1.0103 

1.400 

• 373E + 09 

.9808 

1.7069 

.8060 

.2824 

.6162 

.4622 

.9092 

.9509 

,8988 

.8577 

1.0566 

1.0137 

1 .450 

• 374E + 0 9 

.9805 

1.7083 

.7947 

• 2630 

.5989 

.4438 

.8899 

.9472 

.8985 

.8507 

1.0653 

1.0180 

1.500 

.3745+09 

.9803 

1.7094 

.7635 

.2448 

• 582 0 

.4244 

.8695 

.9434 

.8988 

.8439 

1.0745 

1.0227 

1.550 

.3745+09 

.9800 

1.7101 

.7723 

.2279 

.5655 

.4066 

.8485 

.9397 

.8998 

.8373 

1.0844 

1.0281 

1.600 

.3745+99 

.9793 

1.7107 

,7612 

.2121 

.5495 

.3 895 

.8271 

.9360 

.9014 

,8309 

1.0950 

1.0341 

1.65 0 

.3735+09 

. 9 T 96 

1.7111 

. 750? 

.1974 

.5339 

.3732 

. 8054 

.9324 

.90 37 

.8246 

1.1064 

1.0406 

1.700 

. 3725+09 

.9794 

1.7113 

.7394 

,1837 

.5187 

.3575 

.7835 

,9288 

,90 65 

.8186 

1.1183 

1.0479 

1.750 

.3705+09 

.9793 

1.7114 

.7287 

.1709 

.5040 

.3425 

.7614 

.9254 

.90 99 

.8127 

1.1308 

1.0557 

1.80 0 

. 369E+09 

.9791 

1.7114 

. 7182 

.1591 

.48 97 

.3281 

.7395 

, 9220 

.9140 

,8070 

1,1439 

1.0641 

1.850 

.3675+09 

.9790 

1.7114 

.7078 

.1481 

.4758 

.3143 

.7176 

.9187 

.9185 

.8015 

1.1576 

1.0730 

1 .*>00 

. -*655 + 09 

.9786 

1.7112 

.6976 

.1 378 

.4624 

.301? 

.6960 

.9154 

.9236 

.7962 

1.1720 

1.0825 

1.950 

•363E+09 

.9767 

1.7111 

. 6876 

.1283 

.4493 

.2886 

.6747 

.9123 

.9292 

.7910 

1.1869 

1.0926 

2.00 0 

.3605+09 

.9786 

1 .7109 

.6777 

» 1 1 °6 

.436? 

.2767 

.65 38 

.9093 

.9355 

.7860 

1.2027 

1.1033 


TAPL C IV 


Rr AL-GfiP ISENTROPIC EXPANSIONS OF PARAH YDROGEN 
t. CCONTI NUEDI 


MACH 

LCCAL ISENTR9PIC 

VISCOSITY 

thermal CONDUCTIVITY 

PPANOTL 


EXPANSION COEFF. 

GACM-SEC 

cal/cm-sec-k 

NUMBER 

n .n^o 

I 

. 7654PE-0*. 

•15047E-83 

.7054 

.050 

1* 6075 

.3645OE-04 

•14986E-03 

.7054 

.100 

1.5771 

.36392E-04 

.14945E-Q3 

.7054 

.150 

1.5700 

* 36295E-04 

.1487 8E-03 

.7054 

,?rrn 

1.5746 

• 361 5 9£- 8 4 

.147 85E-03 

.7055 

.250 

1.5P23 

• 35996E-04 

. 14665E-03 

.7057 

.300 

1.5780 

.357746-04 

•14521E-03 

.7059 

.350 

1.589** 

.355276-04 

.14374E-03 

.7050 

.400 

1.5891 

.35243E-04 

.14221E-03 

.7035 

.450 

1.5945 

.34925E-94 

.14049E-03 

.7019 

.500 

1.5974 

• 34572E-04 

• 13859E-03 

.7003 

.550 

1.6006 

, 34188E-04 

• 13653E-03 

.6987 

• 600 

1.6078 

.33773E-04 

. 1343 0E- 03 

.6972 

.650 

1.6151 

• 333 29E-0 ■+ 

• 1 3194E-03 

.6958 

.700 

1.6189 

• 32858E-0 •+ 

• 12944E-03 

.6946 

.750 

1.6239 

• 32363E-04 

•12682E-03 

.6937 

.80 0 

1.6303 

.316456-0* 

• 1241QE-03 

.6930 

.850 

1.6349 

• 3130 86-04 

. 12143E-03 

.6919 

• 90 0 

1.6428 

,'*0755£-94 

• 11674E-03 

.6908 

• 950 

1.6430 

. 30187E-04 

. 11599E-03 

.6902 

1.000 

1.6530 

, 29608E-04 

.113216-03 

,6900 

1.050 

1,6541 

. 29021E-04 

•11 039E-03 

.6902 

1.100 

1.6586 

•28428E-04 

. 10755E-03 

,690 8 

1 .150 

1,6627 

. 27S31E-0 ** 

.10472E-Q3 

,6918 

1.200 

1.6670 

• 27233E-04 

. 10B92E-03 

.7000 

1.250 

1.6678 

. 26637E-04 

• 98333E-04 

.7006 

1 .300 

1.6711 

. 760 47E-0 4 

•95787E-04 

.7013 

1.350 

1.6718 

• , 5452E-0 * 

• 9 3295E-04 

.7021 

1.40 0 

1.6712 

• 24867E-04 

• 90855E-04 

.7030 

1.450 

1.6766 

.242896-04 

• 8847 IE-04 

.7040 

t .500 

1.6741 

* 2371 8E-0* 

• 8610 IE-04 

.7054 

1 .550 

1.6748 

.23155E-04 

• 83756E-04 

.7072 

1 .600 

1.6760 

• 22601E-04 

.811626-04 

.7117 

1.65 0 

1.6770 

• 220 566-04 

• 7 898 IE- 04 

.7131 

1.700 

1.6755 

.215Z1E-04 

• 7686 0E- 0«* 

.7146 

1.750 

1.6749 

.20996E-04 

• 74795E- 04 

.7160 

1.800 

1,6757 

. 20 480E-9 4 

•72801E-04 

.7172 

1 . 850 

1.6739 

.19975E-04 

• 70 86 8E- 04 

.7184 

1.900 

1.6747 

. 19480E-04 

• 68996E-04 

.7193 

1.950 

1.6740 

.18996E-04 

• 671 81E-04 

.7202 

2.000 

1,6767 

• 18522E-04 

■ 65422E-04 

.7210 







T finL5 

TV. °- 

AL-car rs 

6NTP3PTC 




F. TT 

- 100.0 K 

PT = 

8.0 ATM 

SHOT = 


HATH 

PE/M 

“» 

t 

Cf'/CV 

SV/SVT 

P/PT 

T/TT 

i 

0.000 

r 

■■ • 

,9932 

1 .4671 

1.0000 

1.0 000 

1,0000 

f. 

.05 0 

.1795+08 

.9982 

1.+689 

.9998 

.9981 

.9994 


. 1 0 o 

.75 75+08 

.9931 

1 .4696 

.9991 

• 99?7 

.9977 

.150 

. c 33E+0 8 

. 99«0 

1.4700 

.9980 

.9837 

.9949 

[■ 

.20 0 

.7055+08 

.9979 

1 • + ??4 

.9965 

.9713 

,9909 

f> 

t 

.? c 0 

+0 " 

.99?3 

1 .47 + 6 

.99*5 

.9554 

.9859 

F- 

. *"0 

. n4-- + 09 


1.4777 

.992? 

.9763 

.9797 

I 

.350 

.11 95+09 

. 9975 

1.4804 

.98 9+ 

.9146 

.9725 

l 

,400 

.1345+09 

. 9973 

I. 434 O 

.936? 

. 8902 

.964? 


,45 0 

.1495+09 

.9971 

1.4882 

.98 26 

.8636 

.9546 

h 

.500 

.1625+09 

. 9969 

1.4930 

.9785 

.83 

.9445 


.550 

.1755+09 

.9966 

1 .4983 

.9741 

.80s 

.933? 

i 

.600 

.186E+09 

. 9^64 

.1.504? 

.9694 

.77?i 

.9209 


.650 

.1975+09 

.9961 

1.5106 

.9642 

.7 791 

9078 


.700 

.2075+09 

. 9958 

1.5176 

.9587 

• 7QF2 

.6938 

{■ 

.750 

.2165+09 

.9955 

1.525? 

.9523 

• 67 n 8 

.8790 

i 

.800 

. 224-. + 09 

,9952 

1.5773 

.9465 

.6361 

.8634 

! ? 

.850 

.2315+09 

.9950 

1.5419 

.93 99 

.6 01' 

.8471 

t 

.900 

. 237“ + 0 9 

. 99 + 7 

1.5509 

.9329 

.5 675 

.830? 

f: 

,950 

•243 c +0 9 

,99+4 

1.5604 

.9? 55 

. 57*8 

.8127 


1.000 

.2475+09 

. Q 94l 

1.5701 

.9178 

.5010 

.7947 

| 

1.050 

.2515+09 

.9973 

1.5300 

. 9097 

.4692 

.7767 

t- 

1.100 

• 2 p 4 •“ + 0 9 

,9935 

1 .5 399 

.901? 

.4385 

.75 76 

!: 

1 .150 

.2575+09 

. 9932 

1.5999 

. 892- 

.4 091 

.73 86 

t] 

i.?on 

.2595+09 

.9929 

1 .6096 

. 3832 

.7612 

.7196 

I 

1.25 0 

.7605+09 

.9927 

1.6190 

.8737 

.35 + 6 

.7005 

l 

1 .300 

.2615+09 

.9924 

1.6279 

.8639 

.3296 

.6815 

l 

1.350 

.2625+09 

.992? 

1.6363 

.8539 

.3061 

6627 


1 .400 

.2625+09 

.991 9 

1.6440 

. 8476 

.2 iul 

.6440 

| 

1.450 

• ?6? tr +0 9 

.9917 

1.6510 

. 8331 

• 26*6 

.6257 

1 

1.500 

. 26 l r + 0 9 

.9915 

1.6577 

.8224 

.2446 

.6078 

1,550 

.2615+09 

.9913 

1.6629 

.8117 

. 2 2^9 

.5907 

1; 

f 

1 .600 

.260^+09 

.9911 

1.6677 

.8003 

.2105 

,573? 

1 .650 

. 25 8" 0 9 

.9909 

1 .6713 

.7900 

.1963 

.5566 

> 

1 .710 

.2575 + 0 9 

.9907 

1.6753 

.7791 

.1813 

.5405 

£ 

i,' 

1.750 

.2565+09 

.9906 

1 .6782 

.7683 

. 1693 

.524° 

1 

1 .600 

.254^+09 

. 990 + 

1 .6806 

.7676 

• 1 564 

.509? 


: ."50 

.2525+09 

.9903 

1 .6825 

. 7469 

.1+6* 

, 445 n 

i 

1.90 ? 

» ?51£ + 9 9 

. 9901 

1.6841 

, 776 + 

.1 * C 1 

.4309 

r 

1.950 

. 2485+09 

.9900 

1 . 6353 

.7260 

.1256 

,46 71 

f 

?.000 

. 24 6 r + 0 9 

. 9399 

1.6363 

. 715? 

. 1 169 

.4579 


iXPANSl'V'.S OF PAR AhVC c 0G>6N 


.1975-02 G/CH3 SVT = 777.049 M/SEC 

PHO/9HOT A*/ A SV/SVT P/PT T/TT RHO/PPOT A+/A 

- — - — relative to ideal gas values — 


1 . 1)000 

• 9987 
.9951 
.9689 
.9601+ 
.96 9* 
.956? 
.941? 
.9241 
.9854 
.8649 
.86? 9 
.8399 
.8159 
.7908 
.765? 
.7189 
.7176 
.6860 
.6594 
.6330 
.6071 
.5816 
.55 66 
,53?5 
.5090 
*4864 
.4647 
.4440 
.4241 
.4050 
.3871 
.1698 
.1535 
.3380 
,3232 
.3092 

• °959 
.28 31 
.2711 
.2596 


0.0000 
. 0 859 
.1711 
.2548 
.3363 
.4146 
.4899 
.5609 
.6274 
.6890 
.74 52 
.795 8 
.8408 
.8801 
.9135 
.9411 
.9630 
.9799 
.9914 
.9979 

1.0000 
.9981 
.9923 
.9832 
.9714 
.9569 
.9403 
.9220 
.9024 
.8917 
. 8600 
. 8381 
.8156 
.7930 
.7705 
.7480 
.7256 
. 70 37 
.6818 
.6605 
.6 397 


1 .Q000 
1 .0000 
i.nooi 

1.0003 

1.0005 

1.0007 

1.0011 

1.0014 

l.ooie 

1.0023 

1.0027 

1.0032 

1.0037 

1.0041 

1.0046 

1.0050 

1.0053 

1.0055 

1.0056 

1.0056 

1.0054 
1.0050 
1.0043 
1.0035 
1.00?4 
1.0010 

.9993 
.9974 
.9953 
.9929 
.9903 
• 9R76 
.9847 
.961 8 
.9787 
.9756 
.9725 

.9694 

.9663 

.9632 

.960? 


1.0000 
.99 99 
.9997 
.9993 
.9987 
.997 8 
.9967 
• 9955 
.9940 
■ 9923 
.9901 
.9876 
. 9848 
.9816 
.978? 
.97 4? 
. 9b9fc 
.9650 
.95 99 
.9542 
.9484 
.942*. 
.9363 

.93 01 

.92 43 
.9186 
.9132 
.90 84 
.90 42 
.9006 
.8977 
.8959 
. 8946 
.8943 
.8950 
.8963 
.8984 
.9014 
.9050 
.90 93 
.91 *5 


1.0000 
.9999 
.9997 
.9994 
. 9989 
.9982 
.9973 
.9963 
.9950 
.9935 
.9917 
.9896 
. 9873 
.9845 
. 9814 
.97 79 
.9779 
. 9695 
.9647 
.9594 
.9536 
.94 75 
.94 09 
.93 40 
.92 68 
.9194 
.9119 
.904? 
.8965 
.8689 
.8813 
.8739 
.8667 
.8597 
.8529 
. 8463 
.6400 
. 8739 
.8260 
.8224 
.8170 


1.0000 

.9999 

1.0000 

1.0000 

1.0001 

1.0000 
.9998 
.9999 
.9998 
.9999 
.9997 
.9995 
.999 3 
.9993 
.9991 
.998 8 
.9985 
.9986 
.9985 
.9984 
. 9986 
.9991 
.9998 
1.0006 
1.0025 
1.0046 
1.0073 
1.0107 
1.0149 
1.0198 
1.0254 
1.0323 
1.0396 
1.0479 
1.0572 
1.0672 
1.0779 
1.0596 
1.1018 
1,1148 
1.128? 


1.0000 
.5960 
.9962 
.9964 
. 9966 
.9968 
.9969 
.9973 
.9977 
.9982 
.9984 
.9987 
.9990 
.9995 
.9997 
.9998 
.9999 

1.0001 

1.0002 

1,0000 

1.0000 

1.0001 

1.0002 
1.0004 
1.0009 
1.0016 
1. 0027 
1.0041 
1.0061 
1.0086 
1.0115 
1.0154 
1.0197 
1. 0246 
1.0306 
1. 0371 
1.0+41 
1. 05 ?1 
1. 0604 
1.0695 
1.0795 


ORIGINAL PAGE IS 
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TflPLt XV. ^CAL-GAS ISENTROPIC EXPANSIONS OF PARAHYOROGEN 

F. fCONTlNUEO* 


MACH 

LOCAL ISENTROPIC 

VISCOSITY 

thermal conductivity 

PRANDTl 


EXPANSION COEFF. 

G/CM-SEC 

CAL/C^-SEC-K 

NUMBER 

T.OO" 

I 

.427375-04 

.196375-03 

.711? 

,n?o 

1.4442 

.426406-04 

.195395-03 

.7115 

.100 

1.4800 

• 425865-0 4 

. 194965-03 

.7114 

.If 0 

1.4687 

•42496E-04 

.194265-03 

.7111 

.200 

1.4723 

.42 3716-04 

,193285-03 

.7106 

.250 

1.4680 

• 422 11 £-84 

.192035-03 

♦ 7103 

.30 0 

1.4686 

• 420 155-04 

.190505-03 

.7098 

.350 

1.4778 

.417855-04 

.188715-03 

.7092 

.400 

1.4391 

•415205-04 

• 18666E-03 

.7685 

• 450 

1.4866 

.41222E-04 

• 18436E-03 

• 7076 

.500 

1.4840 

. 40B91E-Q 4 

• 161815-03 

.7070 

.550 

1.4896 

• 40527E-Q 4 

.179025-03 

.7062 

.600 

1 .4964 

.40131E-04 

.176005-03 

.7053 

.650 

1.5055 

.397055-04 

.17277E-03 

.7046 

.700 

1.5078 

.39Z4BE-04 

.16932E-03 

.7039 

.7 50 

1.5151 

.367615-04 

• 16578E-03 

.7028 

• 800 

1.5209 

.382475-04 

. 16212E-03 

.7016 

• 850 

1.5331 

.377065-04 

• 15829E-03 

.7007 

.900 

1.5390 

.3714QE-04 

. 15432E-03 

.7000 

.950 

1.5457 

•36550E-04 

• 15021E-03 

.6996 

1.000 

1.5560 

• 359395-04 

. 14600E-03 

.6996 

1 .050 

1.5668 

.353085-04 

• 14175E-03 

.6998 

1 .100 

1.5746 

• 34661E-B4 

• 13822E-03 

.6966 

1.150 

1.5839 

.34000E-04 

• 134655-03 

.6938 

1.200 

1.5960 

.333295-04 

.131045-03 

.6914 

1.250 

1.6024 

.326495-04 

. 12743E-03 

•6696 

1 .30 0 

1.6115 

. ' 19 66E-0 4 

• 1 2362E-03 

.6684 

1.350 

1.6198 

•31280E-04 

.120285-03 

• 6676 

1 .400 

1.6282 

.30595E-04 

. 11692E-03 

.6865 

1.450 

1.6336 

.299155-04 

.11360 £-03 

.6860 

1.500 

1.6381 

• 292 405-04 

.11034E-03 

• 6861 

1 .550 

1.6489 

.*85745-04 

.107155-03 

.6867 

1.600 

1.6487 

.27916E-04 

.10402E-03 

.6876 

1.650 

1.6546 

.272695-04 

.100985-03 

.6893 

1.700 

1.6598 

.266345-04 

• 97667E-04 

.6 937 

1.750 

1.6605 

. 260 ! 1 1-0 4 

.950025-04 

.6945 

1.800 

1.6621 

.254005-04 

.9242 BE- 04 

.6954 

1.850 

1.6674 

. 248025-04 

•89938E-04 

.6965 

1.900 

1.6642 

. 242175-04 

.875315-04 

.6976 

1.950 

1.6673 

.73645E-04 

.651835*04 

.6990 

?.000 

1.6709 

.230855-04 

.826655-04 

.7006 


TflPL- IV. 



T T = PQO.O K 


PT 


l^rNTtfOPTC 
- 0.11 a T f* phot = 


H4C« 

= E/M 

Z 

CP/CV 

SV/SVT 

F/PT 

T/TT 

0,00 0 

0. 

1.0051 

1 .7492 

1.0000 

1.0300 

1.0000 

• 05 0 

?• 

.75 7E + 0 7 

1.006? 

1 .?4«9 

.9998 

. 9903 

.9996 

. i 0 0 

.I51E+0 8 

1*0051 

1 .?4fifi 

. 9990 

. 9 97? 

.99 87 

f ,15 0 

.225E + E10 

5 .0053 

1 .3486 

. 947 8 

.90*9 

.9961 

\ .20 0 

. 297E+0 8 

1.005? 

1.0403 

.9962 

.97+2 

.9931 

1 .25 0 

. 3605*0 8 

1.0051 

1 . 0*00 

. 9940 

« 95 a ? 

.9897 

i .son 

.436E+0 8 

I .0050 

1.1475 

.9914 

• °4 1 ? 

.9846 

■ .35 0 

•50QE+0 8 

1.0049 

1 .14 71 

.9884 

.921? 

.979? 

.40 0 

.5625*08 

1.0040 

1.1466 

.9850 

.8988 

.9710 

b .4=0 

.6205*08 

1.004c 

1 .3460 

.9011 

,87*1 

.9661 

.500 

.6746*08 

1.0145 

1 .1454 

.9769 

.8475 

.9505 

.550 

.7245*0 0 

1 .0041 

1 .1448 

.9724 

. 8194 

.9503 

S' . 6 0 0 

. 7? 05 *0 fl 

1.0042 

1*1441 

. 9574 

. 7901 

.9415 

\ .65 0 

. 81 2E*Q8 

1.0040 

1.1435 

. 96 ?7 

.7516 

.9321 

l »7D 0 

. 849E + 0 8 

1.0030 

1.3*20 

• 95fe 7 

.7205 

.922? 

l- .75 0 

• 881E*0 8 

i.onib 

t .1427 

.9609 

.6968 

.9119 

f .800 

.91 0E*0 fl 

1.0035 

1.1416 

. 9449 

, 66*9 

.9011 

l .85 0 

. 933E+ 0 0 

1.0033 

1.3411 

,9386 

.6128 

.8899 

1 .90 0 

•953E*08 

1.0031 

1.3406 

.912? 

• 6010 

.8783 

i . 95 0 

£ 

.9696*08 

1.0029 

1 .140? 

.92 55 

.5 694 

.0664 

f. 1.00 0 

• 980E*0 0 

1.0027 

1 .3199 

.9187 

.5104 

.054? 

r 1 . 06 a 

.968E+O0 

1.002= 

1.3197 

.9118 

.5 07" 

. 0410 

1.10 0 

,993E*0B 

1.0024 

1.3397 

.9047 

.6783 

.8291 

1 1.150 

.994E600 

1.0022 

t .3199 

. 8976 

.4*95 

.0162 

| 1.200 

.9925*0 8 

1.0070 

1.140? 

,890? 

.4717 

.8031 

| 1.250 

.9875*00 

1.0019 

1.3400 

• 8830 

.3949 

.7099 

S 1.300 

.9005*00 

1.0017 

1.3415 

.0756 

. 369? 

.7 766 

; 1.350 

. 970 r + 0 8 

1.0016 

1.3425 

. Hod? 

,3446 

.7631 

1,40 1 

.9586+08 

1.0014 

1.7478 

.86rr 

. !?1 2 

.1*95 

1.45 0 

.9455*00 

1.0011 

1 .1454 

. 8512 

.2988 

.7550 

; i.6no 

• q ? 95 +0 0 

1.0012 

1.3471 

. 8457 

.2777 

.7221 

1.5 = 0 

.01 .16 + 0 8 

1.0010 

1.1456 

. 878? 

.2577 

.70 8* 

l.fcOO 

, 095=+1 0 

1,0009 

1 .3522 

. 8307 

• 2 ? fl 7 

• 6945 

i 1.860 

. 0765 + 0 0 

1 ,0(100 

1 . T 55 1 

. fl’17 

. ? ,n 9 

.6006 

f 1.700 

.8566+00 

1.0007 

1.35H9 

. 0157 

.20*1 

.6666 

1.750 

.0166+00 

1 .0006 

1.3629 

. 00 82 

.1084 

.6527 

1.80 0 

. 81 4 r + 0 fl 

1.0005 

1.3674 

. 0007 

. 1737 

.6387 

1 .850 

.7915+00 

1.0004 

1 .1-25 

.7917 

.1600 

.6747 

1.900 

. 77 ? r + 0 R 

1.0101 

1 .I’fll 

. 7059 

.1471 

.6105 

1.950 

. 75 (J 6*0 fl 

1.0003 

1.38*4 

.7785 

.1 35? 

,5 966 

2.00 0 

. 729‘ +00 

1.0102 

1.3913 

.7711 

* 1 2 4 1 

.6825 


rxoflNSt 3N$ OP PARflMYCPOGfN 


.977E-0J S/CM? SVT =1161.481 M/SEC 


pho/rhot 

A + /A 

SV/SVT 

P/PT 

T/rr 

P-'O/fcHOT 

A */A 




pOPI ATT ML 








1 u l Ut- **L 

ufli VULUtb - 


1.0000 

0.0000 

1.0000 

1.0000 

1 ,0000 

1.0000 

1.0IJOO 

* 9°*0 

.n«60 

1 .nono 

1.0001 

1 .0001 

1.0000 

.9969 

. 995(1 

,1712 

i.nnoo 

1.000? 

1.0003 

1.0000 

.9969 

.P009 

.2550 

1.0001 

1.0005 

1.0006 

1.0000 

.9970 

.9801 

.3364 

1.D001 

1.0007 

1.0010 

.9999 

.9968 

• 9695 

.4150 

l.non? 

1.0014 

i. note 

1 . b ; 0 9 

.9971 

.9561 

.4899 

1 .0 003 

1.0019 

1.0023 

.9999 

.9971 

.941? 

.5609 

1.0004 

1.0027 

1. 0931 

.9999 

.9972 

.9242 

,6272 

1.0006 

1.0035 

1,3641 

.9999 

.9974 

.9054 

.6866 

1.0000 

1.004* 

1.0952 

.9999 

.9976 

.0849 

.7446 

1.001s 

1,005? 

1 . 0064 

.9997 

. 9976 

.8631 

.7951 

1.0013 

1.0065 

1.0078 

.9997 

.9978 

.0402 

. 0401 

1.0017 

1.0078 

1,0093 

.9997 

.9982 

.0160 

.0792 

1.0020 

1.0D90 

1.0109 

. 9995 

.9964 

.7911 

.9126 

1 .Pft?£ 

1 . 01 05 

1 .0126 

.9994 

.9987 

.7654 

. 9403 

1.0 0 31} 

1.0119 

1 ,0145 

.9992 

.9990 

.73 93 

.9626 

1.0035 

1.0136 

1.0164 

.9991 

.9995 

.71^6 

. 9793 

1.0041 

1,0149 

1.0184 

.9986 

.9996 

.6058 

.9911 

1 .niKe 

1.016* 

1.0206 

.998? 

.9998 

.6508 

.9977 

1,0056 

1.0177 

1.0228 

.9974 

.9999 

.6319 

1.0000 

1.0064 

1.0191 

1.0250 

.9968 

1.0000 

.6050 

. 9977 

1,0073 

1.0200 

1,0274 

.9956 

.9998 

,5786 

.9919 

1.0083 

1.0212 

1.0297 

.9947 

.9998 

.5575 

.9823 

1.0093 

1.0220 

1,0321 

.9934 

.99*4 

.5268 

.9695 

1.0104 

1.0226 

1 , 0 f 4* 

,9918 

.9990 

.50 1 7 

,9538 

1.0116 

1.0229 

1.0367 

.990 0 

» 9984 

.4772 

. 9356 

1.0128 

1.0230 

1.0390 

■ 90 81 

.9976 

.4533 

.9152 

1.0141 

1.0227 

1.0412 

. 9859 

.9967 

.4307 

.8929 

1.0155 

1.0221 

1.0433 

.9835 

.9956 

.4078 

.6690 

1.0169 

1.02U9 

1.0453 

.9806 

.9941 

.3061 

.8437 

1.0104 

1.0193 

1.0471 

.9776 

.9924 

.3653 

.8175 

1.0199 

1.0173 

1.0487 

.974 3 

.9905 

.7457 

. 79(1 3 

i.nn* 

1.0145 

1.0500 

.9704 

.9880 

» 12 6(1 

.7627 

l.r-Mo 

1.0113 

1 . 0511 

.9664 

. 9056 

,7076 

.7347 

1.02*6 

1.0075 

1.0520 

.9621 

• 9826 

.2901 

.7067 

1.0263 

1.003? 

1,0524 

.9577 

.9798 

.2733 

.6786 

1 .0?79 

.9981 

1.0525 

• 9 5 2 9 

.9764 

.2571 

. 6505 

1.0296 

.9923 

1.0522 

.9*77 

.9727 

.242? 

.6229 

1.0313 

.9859 

1.0515 

.942 3 

.9687 

.2270 

.5957 

1 .0329 

. 9789 

1. 0502 

.936 3 

•» 9646 

.?!*? 

.5691 

1 ,03h6 

.9713 

1.0485 

.9311 

.9603 
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MACH 

LOCAL ISFNTROPTC 

VISCOSITY TH 

5»I4AL CONDUCTIVITY 

prandtl 



EXPANSION C9EFF. 

G/CM-StC 

CAt/CM-SEC-K 

NUMB6F 


n .999 

I 

. 685336-0 4 

♦37545E-Q3 

.7032 


.050 

1.3695 

.683 94 E « 0 4 

• 3748 BE- 03 

.7032 


.100 

1.349? 

. 6 6 3 3 3E-0 + 

.374636-03 

.7032 


.150 

1.3591 

• 68 ?3 1 £»fl4 

.374216-03 

.703? 


, ?0t! 

1.3487 

.680 89£-04 

.373636-03 

.7032 


.250 

1.361? 

.67907t*04 

. 37289E-03 

.7032 


.109 

1.3511 

.676875-04 

.371996-03 

.7032 


.350 

1,3555 

,674306-04 

.370946-03 

.7031 


.400 

1,3540 

.671376-04 

.369746-03 

• 7039 


.450 

1.352? 

.668096-04 

.369416-03 

.7029 


.500 

1.3499 

. 664486-04 

.366956-03 

.7027 


.550 

1.3513 

.660566-04 

.365366-03 

.7025 


.600 

1 .*52 + 

*656336-94 

. 363346-93 

.7027 


, AEfl 

1.3406 

.651826-04 

.360516-03 

.7043 


.700 

1.3498 

.647046-04 

* 35753E- 03 

.7058 


* 75 0 

1.3477 

.642026-04 

.354416-03 

.7073 


.BOO 

1.3487 

.636776-04 

.35U5E-03 

• 7068 


.850 

1.3455 

• 631 296-04 

.347776-03 

.7103 


.90 0 

1.3459 

, 62561E-0 4 

.344286-03 

.7116 


.950 

1,3+37 

.619756-04 

.34069E-03 

.7129 

'OS 

1.000 

1.3442 

.613726-0+ 

.337026-03 

.7139 

&TL 

1 .050 

1.3420 

•607536-8+ 

. 333266-03 

.7146 

gS 

i .ton 

1.3447 

.6911 86*04 

.329436-03 

.7154 

if 

1.150 

1.34?? 

.594715-0+ 

.325546-03 

.7158 

1.200 

1.342? 

.58810E-0+ 

.321606-03 

.7156 

'An) 

1.250 

1.3431 

• 5 8 1 3 8 E — 0 + 

.317616-03 

.7155 

£& 

1.300 

1.3439 

• 574 556-0 4 

.313586-03 

.7149 

t>§ 

1.350 

1.3440 

.567626-0+ 

.309526-03 

.7136 

t? 

1.400 

1.3454 

.560596-0+ 

.305436-03 

.7123 

Hi r r 

1.450 

1.3460 

.553476-0+ 

.301316-03 

.7103 


1 .500 

1.3477 

■ 546276-04 

.297166-03 

.7076 


1.550 

1,3503 

.538986-04 

.290576-03 

.7106 


1,600 

1.3508 

• 531616-04 

.203966-03 

.7130 


1.650 

1.3551 

.524156-0+ 

.277326-03 

.7150 


1.780 

1,358? 

.516626-04 

.270676-03 

.7167 


1.75 0 

1.36?5 

.5090 ?£*84 

•26401E-03 

.7179 


1 .890 

1,3660 

.501346-0+ 

.257336-03 

.7187 


1.850 

1.3690 

.493586-04 

. 25 06 56 -03 

.7191 


1 .90 0 

1.3753 

.485746-04 

.24396E-03 

.7191 


1 .950 

t .3819 

.477826-04 

• 23726E- 03 

.7166 


7.090 

1 .3888 

• i*69 836-0 4 

• 23056E- 03 

.7177 


■h*l; im 
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M . TT 

= 3n 0 , 9 < 

PT 3 

ft.P ATM 

°HO T = 

.657r-o ft 

G/CM7 

SVT =1715 

.784 M/SEC 



MACH 

»F/M 

7 

C *vrv 

SV/5VT 

\r'/V T 

T/TT 

RHO/RH0T 

A*/ A 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A*/A 











RELATIVE 

TO IDEAL 

GAS VALUES' 


0.000 

0 . 

1.0047 

1 .-370 6 

1.0000 

1 . 0 00 0 

1 .0QDC 

1.0000 

0.0000 

l.onnp 

1 .0000 

1.0000 

l.onoB 

1.0000 

.050 

. 477-7 + "7 

i.in4r 

1 . 7 ft6l 

.9997 

. 998ft 

.9995 

,990 ft 

.0864 

1.0000 

1.0001 

1.0000 

1.0001 

1.0917 

.ion 

. 95 1 r ♦ 0 7 

1.0"47 

1 ..3860 

,9990 

,9930 

.9981 

.9949 

.1720 

1.0000 

.9999 

1.0001 

.9999 

1.0015 

.150 

• i42-:+08 

1 .0047 

1 .785 ft 

.9977 

,90*4 

.9957 

, 980ft 

.2561 

.9999 

1.0000 

1.0001 

.9999 

1.0015 

.200 

.188E+D8 

1 . D 0 4b 

1.3856 

.9958 

.9727 

.9923 

.9803 

. 3379 

.9996 

1.0002 

1.0003 

1,0001 

1.0015 

.250 

.232-V08 

1.0046 

1 .3*6 3 

.9935 

.9576 

.9881 

.96 93 

.4167 

.9997 

l.oom 

1 .0004 

.9999 

1.0013 

.30 0 

. 27 5E + 9 8 

1.0045 

1 , 3849 

.9907 

. 93°8 

. 9 0 ? 9 

,9563 

• 4 9? 0 

.9996 

1.0003 

1*0006 

.9999 

1.0012 

.350 

.3165+08 

1.0 04.* 

1,3044 

, 9874 

. 9103 

.9769 

.9413 

.5631 

.9995 

1.0005 

1.0008 

I. DODO 

1.0011 

.400 

.3555+08 

1.00+3 

1 . 3 ft T 9 

.9837 

.8963 

.9701 

.9243 

.6295 

.9993 

1.0006 

1.0011 

1.0001 

1.0010 

.450 

.391E+08 

1.004? 

1 . 3 3 2 

.9795 

.071? 

.9625 

.9056 

• 6909 

.999? 

1.0010 

1.0015 

1.0001 

1.0009 

.500 

.426F+08 

1.0041 

1 . T ft?5 

.9749 

, 0441 

.9541 

,0852 

.7469 

.9990 

1.0013 

1.0018 

1.0001 

1 . tioor 

.550 

.457E+0B 

1,0040 

1.3ftlR 

. 9699 

.8155 

. 94 ? 1 

.8675 

.79/3 

.9988 

1.0017 

1.0023 

1.0001 

1.0006 

.600 

.4865+08 

1,0039 

1.3809 

• 9645 

• 7 05 7 

,9354 

.0407 

.8421 

.9986 

1.0022 

1.0028 

1.0003 

1.0006 

.650 

.5135+08 

1.0037 

1.3799 

.9587 

.7547 

.925? 

• 0166 

. 8808 

.9904 

1.0026 

1.0034 

1.0002 

1.0003 

.70 0 

•536E+B6 

1.0036 

1 • T 7 8 9 

.9526 

• 7? T 3 

.91 44 

, T 9ta 

.9140 

.996? 

1.0032 

t.OOnO 

1.00D3 

l.oon? 

.750 

.557E+06 

1.0034 

1.7777 

.9467 

.691? 

.90 3? 

.7663 

.9412 

.9980 

1.0038 

1. 0048 

1.0003 

1.0000 

.800 

• 575E+0 8 

1. 0033 

1.3765 

.9795 

.6 591 

.8915 

,7403 

.9632 

.9979 

1.0046 

1.0056 

1.0005 

1.0000 

.850 

.590E+O8 

1.001? 

1.375? 

.9326 

.6270 

.8 794 

.7140 

.9797 

.9977 

1.0055 

1.0065 

1.0006 

• 9999 

.500 

.603F+08 

1.0030 

1.3737 

.9254 

.59-1 

.8670 

.6875 

.9911 

.9975 

1.0065 

1 .0075 

1.0007 

,9999 

.950 

. 61 3E+ 0 8 

1.0079 

1 . 37?7 

.9180 

.56 T 7 

.8544 

.6610' 

.9978 

.9974 

1.0076 

1 .00 66 

1.0009 

.9999 

1.000 

.6215+08 

1.00 27 

1 . 3706 

.9104 

. 5 3 T (1 

.8415 

.63 46 

1.0000 

.9973 

1.0089 

1.0098 

1.0011 

1.0000 

1.050 

. 626E + 0 6 

1.0026 

1.3690 

.9026 

. 5030 

.8285 

.6084 

.9980 

.9972 

1.010? 

l.Qlll 

1.901? 

1.0001 

1.100 

• 629E + 0 8 

1.0325 

1 .367.3 

. 8(147 

.4778 

.8153 

.5825 

.992? 

.9971 

1.0116 

1.0126 

1.0013 

1.0001 

1.150 

.6302 + J10 

1 . nn?ft 

1 .7^54 

.306'' 

. 4 +-: 5 

.0020 

.5560 

.9827 

.9971 

1.0128 

1.0141 

1.0012 

.9999 

1.20 0 

.629E+B8 

1.0027 

1.3fc7 6 

. 8786 

,+18? 

.7886 

.5318 

.9704 

.9971 

1.0144 

1.0157 

1.0012 

, 9999 

1.250 

.6271+08 

1.0021 

1.3617 

.8703 

.39? 3 

.7752 

.5073 

.9557 

.9971 

1.0161 

1.0175 

1.0013 

1.0000 

1.300 

.623E + 0S 

1.0019 

1.3597 

.8621 

.3674 

.7619 

.4835 

.9380 

.9972 

1.0179 

1.0194 

1.001 3 

1.0002 

1.350 

.6175+08 

1.001ft 

1.357ft 

.8530 

.3 434 

.7*85 

,460? 

.9180 

.9973 

1.019? 

1.0213 

1.0008 

.9998 

1.400 

.61 or 

1.0017 

1 .36^8 

.8455 

* 320 0 

.735? 

.4377 

,8966 

.9975 

1.0209 

1.0234 

1.0005 

.9997 

1.450 

.6015+08 

1.0016 

1 .3539 

.8371 

, 2 943 

,7220 

• 41 c ft 

.8736 

.9977 

1.0224 

1.0256 

1.0000 

.9994 

1.500 

,5925 + fl 8 

1.0015 

1.3520 

. 8288 

.2789 

.7089 

.39 + 7 

.8493 

.9960 

1.0238 

1.0278 

.9993 

.9990 

1.550 

.5ft?F + n 8 

1.0014 

1.3501 

. 8205 

.2597 

.6950 

.3744 

.824? 

.9984 

1.0253 

1.0302 

♦ 9986 

.9986 

1.600 

.6715+08 

1.0013 

1 .3407 

.81 ?7 

.241 5 

.6829 

.ft549 

.7987 

.9986 

1.0267 

1.0326 

.9977 

.9981 

1.650 

.559^+08 

i.oni? 

1 .7466 

. 9040 

.2245 

.6701 

.3361 

.7715 

.9992 

1.0278 

1.0350 

.9965 

.9973 

1.700 

• 54 7F tnft 

1.0011 

1.3449 

.795 ft 

.20«4 

.6575 

.7181 

.7449 

.9997 

1.0287 

1,0375 

* 995 0 

.9964 

1 .75 0 

.5345 + 08 

l.noin 

1,34.34 

. 7877 

.1973 

.6450 

. 3008 

.7178 

1 . D 0 0 3 

1.0293 

1.0401 

.9933 

.9953 

1.80 B 

• c ? 0 ? + 0 ft 

l.nnin 

1 .3421 

. 7797 

.179? 

.6327 

,2043 

.6907 

1.0009 

1 . 0297 

1.0426 

. 991 3 

.9939 

1 .850 

.5075+08 

1.0009 

1 .7 4 0« 

.7717 

,1600 

.6205 

.2606 

,6637 

1.0016 

1 .0298 

1.0452 

.9891 

.9923 

l .90 P 

,(.■335 + 08 

1 . 00 0 ft 

1 .3390 

.7639 

.1537 

• 6 0 ft 4 

. ?5 36 

.6370 

1.0024 

1.0297 

1.0477 

.9867 

.9906 

1 .950 

. 479c ♦ 0 8 

1.000ft 

1 . .7 7 B 9 

.7561 

.142? 

• 596 c 

.2793 

.6106 

1.0032 

1.0292 

1.0502 

.984 0 

.9887 

2.000 

. 465 c ♦ 0 fl 

1.0007 

1.3303 

.7*03 

.1 31* 

.5840 

»??56 

• 5 844 

1 .0040 

1.0281 

1 . 05 26 

.9807 

• 956? 
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MACH 

LCCAL IStNTROPIC 

VISCOSITY 

THERMAL CONDUCTIVITY 

FRANDTL 


EXPANSION COEFF. 

G/CM-S6C 

CAL/CM-SEC-K 

NUMBER 

o .ooo 

I 

•89712E-Q4 

•46209E- 03 

.7102 

. H50 

1.4197 

•89754E-04 

.461966-03 

.6905 

. 100 

1.3750 

.B9666E-04 

.461576-03 

.690 5 

• 150 

1.3941 

. 895 ?0£-0 4 

.460936-03 

.6905 

.?00 

1.3977 

. 893165-04 

.460036-03 

.6906 

.25 0 

1 • 3853 

.890566-04 

.450895-03 

.6907 

.300 

1.3927 

.887416-04 

.457516-03 

.6909 

.350 

1.3977 

.883776-04 

.455936-03 

.6910 

.400 

1.391? 

,879546-04 

.454075-03 

.6912 

.450 

1.3896 

,874 86E-84 

.452046-03 

• 6914 

• 500 

1.3870 

.869726-04 

.449606-03 

.6916 

.550 

1.3883 

.864135-04 

.447396-03 

.6919 

.600 

1.388? 

.858136-04 

.444806-03 

.6922 

• 650 

1.3830 

.051756-04 

.442136-03 

.6924 

.700 

1.385? 

. 845026-04 

.439416-03 

.6926 

.750 

1.3814 

.837956-04 

.436565-03 

.6927 

. eno 

1.7825 

.830596-04 

.433615-03 

• 693C 

.050 

1.3807 

.822966-04 

• 43055E-Q3 

,6932 


1.3785 

• 81509E-04 

.427426-03 

.6935 

.96 0 

1.3776 

. 807016-04 

.424216-03 

.6938 

1 .000 

1.3760 

. 79874t-g<* 

• 4 209h6-03 

,6941 

l .050 

1.3778 

,?913?E-04 

.41 7626-33 

.6945 

1 .ion 

1.3717 

.781766-04 

.414276-03 

.6949 

1.15 0 

1.3677 

.773106-04 

.410896-U3 

,6953 

1.20 0 

1.3679 

, 764356*0 1 

.407506-03 

.6957 

1 .750 

1.3667 

. 755526-fl 4 

• 4040 ? F- 33 

.6962 

1 . 300 

1 .36*9 

.74665E-Q4 

,40 0 23E-03 

.6973 

1.350 

1.3593 

.737746-04 

.396446-03 

.6983 

1 .400 

1.3596 

.728816-04 

.392676-03 

.6992 

1 .450 

1.3564 

.719886-34 

.3«6G?F-03 

.7001 

1 .500 

1.3546 

.718955-04 

.385196-03 

,7008 

1.550 

1.3534 

.702046-04 

• 36149E- 03 

.7014 

1.600 

1.3517 

.693156-04 

.377826-03 

.7019 

1.650 

1.3488 

.684306-04 

.374196-03 

• 7022 

1.700 

1.3477 

.675496-04 

.370596-03 

.7023 

1 .750 

1.3455 

.666716-04 

.367046-03 

.7022 

1.80 0 

1.3437 

.657986-04 

.363536-03 

.7017 

1 . 850 

1.3430 

.649296-04 

,358566-03 

• 7038 

1.900 

1.3423 

.640656-04 

.3531 86-03 

.7066 

1.950 

1.3416 

.632066-04 

.347865-03 

.7091 

7.000 

1.3392 

.623525-04 

• 34260E-03 

.7113 
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0650 *1 

9 S/t * 1 

2206 * 

9616* 

1259* 

2162* 

*t]3H3U3a 

652£* 

AhpONnay 

*005* 

NOiitfanii/s 
£96 1 * 

£ 989 * 

*7566*1 

2239 * 

0 1 + = £ 1 1 * 

0 02*1 

2050*1 

5191*1 

6209* 

S-16* 

6596* 

1£10* 

816E* 

l£ 25 * 

2661* 

2969* 

£266*1 

6 2 9 8 * 

0 l *3£ II* 

0 59* 

0£-0*I 

02-1*1 

££18 * 

10 lb* 

8698* 

2*726* 

££0*7* 

62£S * 

l"l 2 * 

£202* 

lbbb’1 

8 2 58 * 

01 + 32 U * 

0 09*" 

65£0*t 

8-£1*l 

6919* 

-906 * 

0£2B* 

C 556 * 

552*7* 

1255* 

9622* 

V8U* 

2000*2 

t£58* 

U 1 + 32 T 1 * 

055* 

9620*1 

9221*1 

2*729* 

-£ 06 * 

6229* 

-529* 

-£*>*7* 

9 8 95* 

19-2* 

U622 * 

2 2 Q 0 * <. 

3k 99 * 

0 1+3211* 

0 05* 1 

2£20*t 

6011*1 

80 £9 * 

1106* 

1296* 

6*766 * 

619*7* 

6*r95* 

8 £ 9 2 * 

10-2* 

££00*2 

Cl-98 * 

01+3111* 

0 5-* 1 

9810*1 

0001*1 

T2£8* 

5669* 

*7969* 

9£ 16 * 

216*)* 

-109* 

2292* 

£ 162 * 

2*7UQ*2 

5-90 * 

01+3011* 

0 0-* 1 

i-io*i 

9660*1 

9£*78* 

5966* 

8868* 

tl£6* 

0105* 

2819* 

92U£* 

929 2* 

2-00*2 

0598 * 

01+3601* 

U S£ * 1 

2010*1 

0090*1 

♦>056* 

£969* 

£568* 

*72*76* 

5 125 * 

5Si9* 

2-2 £ * 

11*722* 

6-00*2 

5558 * 

01+3001* 

0 0£* 1 

1200*1 

2120*1 

£2 59* 

6968* 

6668 * 

1296* 

82*75* 

2£S9* 

02*7£* 

5582 * 

0500*2 

2958* 

01+3201* 

0 52*1 

5-00*1 

6290*1 

£*796* 

0006* 

9-06* 

8*726 * 

9-95* 

1129* 

1 12£ * 

0 262’ 

8-00*2 

bG98 * 

01 + 3901 * 

002*1 

£20G*t 

1550*1 

5128* 

5106* 

£606* 

1586* 

6985* 

2689* 

5s6t* 

98 LU * 

i-00*c 

5250 * 

O T+=-IiI* 

051*1 

1100*1 

£6*70*1 

9929’ 

b£ 06 * 

1-16* 

2£66 * 

6609* 

9202* 

lull * 

i.Oi.8* 

6 £ u u * l 

-898 * 

u l + 3£0 1* 

001*1 

1000*1 

21*70*1 

2999* 

9906* 

0616* 

1866* 

0££9* 

1922* 

-15*7* 

b T£8 * 

S £ 0 0 * 2 

26 90* 

01+5101 * 

050*1 

6666* 

65£ 0*1 

9E68* 

0016* 

0*726* 

6666* 

2559* 

2*”72 * 

208*7 * 

5£-0 * 

2k 0 C * 2 

OU28 * 

60+=-fib* 

000*1 

2000*1 

£0£0*1 

0X06* 

S£I6* 

2626* 

0866* 

-069* 

££92* 

0113* 

2556* 

1-00*2 

8028* 

60+3096* 

056* 

1100*1 

£S20*T 

5906* 

5216* 

5*7£6* 

£266* 

*"7 02* 

8192* 

52*75 * 

6958* 

0500*c 

2140* 

6 D+3££fa* 

006* 

£200*1 

2020*1 

6516* 

6126* 

6616* 

0286* 

-042* 

i.008* 

9-25* 

5828* 

2600*2 

5228* 

60+3-06* 

Q SB * 

2-00*1 

0 210 *t 

*i£26* 

6926* 

25-6* 

2296* 

5252* 

9818* 

1809 * 

0068* 

-900*2 

9£ 2 8 * 

b 0+ 32 Zb * 

008* 

-900*1 

S£T0*1 

20 £6 * 

22£6 * 

5056* 

£2*76* 

*7922* 

99 £8 * 

61*79* 

1106* 

6900*2 

9-20* 

b0 + i2£9 * 

0 52* 

6900*1 

5010*1 

06 £6 * 

22 £6* 

2556* 

6126* 

6662* 

£-58* 

1)329* 

1216* 

£ 2 0 0 * c 

9520* 

60+3662* 

0 02* 

0210*1 

1600*1 

2S*i6 * 

8 £-6 * 

6096* 

1169* 

li 26* 

5 1 28 * 

5ul2 * 

tZcb * 

2 2 u 0 * t. 

5920* 

60 + 3852* 

059* 

0510*1 

6500*1 

1256* 

26*16* 

6596* 

2-58 * 

*15*78* 

2688* 

9~-2* 

92£6 * 

820 0*2 

522 8 * 

6 0 + 3512* 

0 09* 

5810*1 

*7*700*1 

66 56* 

0956* 

2026* 

9116* 

2298* 

2*706* 

*7822* 

92-6* 

6200*2 

5828 * 

60+3899* 

0 53* 

0220*1 

1£D0*1 

£596* 

2296* 

£526* 

8292* 

6488* 

£616* 

2118* 

2156* 

8200*2 

5628* 

6 0+38 19* 

005* 

-520*1 

0200*1 

£126* 

2996* 

962b* 

9202* 

£2 Ob * 

Sttb* 

92-8 * 

£ 096 * 

2 2 u 0 * c 

-088 * 

6 0 + 3995 * 

0S-* 

0620*1 

*7100*1 

6926* 

2*726* 

9k06* 

1269* 

96 2b* 

99-6* 

622 9 * 

2896 * 

-20 0*2 

£1 8 8 * 

60+5115* 

00-* 

22£Q*T 

9000*1 

0296* 

9626* 

2266* 

9085’ 

02*7b* 

9856* 

0u06 * 

-Sib* 

1200*2 

1200 * 

60*3£5-* 

0 5£* 

25£0*I 

*7000*1 

9996* 

9*796 * 

50b6* 

2805* 

695b* 

2696* 

0526* 

2186* 

8 900*2 

6288 * 

6 0+3£6£ * 

0 0 £ * 

19£0*I 

£000*1 

9066* 

2686* 

££66* 

Q2£*7 * 

269b* 

*7826* 

12*76* 

2296* 

5 9 u 0 * 2 

-1 B0 * 

bU+sltl* 

052* 

-U-Q *1 

1000*1 

6£6b * 

6266* 

2566* 

lt5£* 

-08b* 

098b* 

9596 * 

2166* 

6 9 U 0 * c 

U - d 8 * 

6 0 + 3292 * 

002* 

£2-0*1 

1000*1 

9966* 

0966* 

9266* 

9992* 

6986* 

1266* 

508 6 * 

£566* 

6300*2 

--08 * 

60+ 9202 * 

051* 

9£-0*l 

0000*1 

5966 * 

2966 * 

6 866* 

2621* 

0566* 

5966* 

2 166 * 

62b6 * 

4 50 Q * 2 

2- m 8 * 

6 0 + iS£ 1 * 

0 01* 

S--Q*T 

1000*1 

9666* 

9666 * 

2bfa6 * 

1060* 

8866* 

1666* 

62b6 * 

5666* 

=500*2 

6-8 0 * 

8 0+3829* 

0 50 * 

0000*1 

0000*1 

0000 ‘ I 

0000*1 

0000*1 

0000*0 

UOOO* 1 

u Gil 0 * 1 

0 Q Cl o * 1 

aOoit * 1 

£500*2 

0588* 

* 0 

0 00*0 

tf/#v 

■samvA stfo 
iOHa/OHa 

1V30I 

12/2 

02 3AIim33 
id/d 

AAS/AS 

V/*V 

lona/OHa 

11/1 

Id/d 

1A3/AS 

A3/d3 

l 

H/36 * 

HOW 




33S/W 192* 

w£5 = IAS 

£W3/6 

40-5*19* 

= iOHb 

W1V 8*01 

= id 

>0*5- = 

11 * V 
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T A PLE V. PEAL-GAS ISENTROPIC EXPANSIONS OF P AP AH X C c 0 GE N 

A. (CONTINUED! 


MACH 

LOCAL ISENTROPIC 
EXPANSION COEFF. 

VISCOSITY 

G7CM-SEC 

THERMAL CONDUCTIVITY 
CAL/CM-SEC-K 

PRANDTL 

NUMBER 

0,000 

T 

. 24535E- <J4 

.938736-04 

.8048 

.050 

1.8046 

.2446 IE -04 

.935366-84 

.8053 

.10 0 

1.7541 

.?4403E-0* 

• 93271E-04 

.8056 

.150 

1.7747 

• 2430 0E-O4 

.928366-04 

.8062 

.200 

1.7649 

• 241 76E-04 

. 923266-04 

.8062 

.250 

1.7657 

. 240O6E-O4 

.91652E-04 

.6065 

, 300 

1.7581 

.23806E-04 

.908196-04 

.8070 

.750 

1.7610 

.23573E-Q4 

• 89631E-04 

• 8079 

.400 

1.7613 

.233106-04 

.887146-04 

• 8089 

.450 

1.7518 

. 230196-04 

• 87390E-04 

.8109 

.500 

1.7556 

• 227G4E-04 

•860876-04 

.8120 

.550 

1.7505 

• 223666-04 

•846246-04 

• 8139 

.600 

1.7443 

• 220 07E-04 

.830076*04 

.8165 

.650 

1.7493 

.216336-0** 

.815906-04 

• 6168 

.700 

1.7378 

. 212426-Oh 

.799126-04 

.8192 

.753 

1.740" 

.P0840E-04 

.784376-54 

.8191 

.800 

1.7357 

• 2042 7E-0 *+ 

.768736-04 

.8197 

• 950 

1.7273 

• 2000 5E-04 

•75 179E-04 

.8213 

.900 

1.7293 

.19578E-04 

.733856-04 

• 8241 

.950 

1.7217 

.191466-04 

.716486-04 

.6261 

1 .000 

1.7193 

• 187116-04 

.698636-04 

• 8269 

1.050 

1.7133 

.18272E-04 

.680286-04 

.8320 

1.100 

1.7163 

. 17833E-04 

•66269E-04 

.6340 

1.150 

1.7085 

. 17393E-0 <* 

.645966-04 

• 8346 

1 . 200 

1.7120 

.16957E-04 

.629936-04 

.6349 

1.^50 

1.7067 

. 16524E-0 4 

• 61369E-04 

.8355 

1.30 0 

i * 7025 

• 16095E-04 

.597346-04 

*8364 

1.350 

1.7021 

.15671E-04 

• 5 80996-04 

.8379 

1.400 

1.7007 

. 152 55E-0 4 

.564736-04 

.8396 

1.450 

1.6962 

.14845E-04 

.548776-04 

.8420 

1.500 

1.6942 

.14442E-04 

.535076-04 

• 6414 

1.550 

1.6891 

•14048E-04 

.521636-04 

.8411 

1.600 

1.6881 

.136636-04 

•50773E-04 

• 8423 

1 .650 

1.6841 

.132066-04 

.493496-04 

.8451 

1 .700 

1.6814 

.12910E-O4 

.479036-04 

.8494 


SATURATION BOUNDARY REACHED 



T 5 1 1 . r V. R:AL-^ 4 r TC ;-NT 1 ? 3 PTC 




n . TT= EH. OK 

PT = 

10.0 ATM 

c Hor - 

MACH 

p E/r* 

? CP/CV 

5V/S VT 

r/r T 

t/tt 


?. 

p 

1 

o.nco 

0 . 

• ° 1 B 1 

1.9105 

1.0000 

1 . rooo 

1 .0 000 

| 

.050 

.=*45+00 

.9180 

1 ,900 « 

. 999 = 

.9 9'° 

.9991 

t 

.ICO 

. 1 1 6 = * 0 9 

. 95 79 

1 .°01 n 

.9980 

.991? 

.996= 

.150 

.1 7**F+"9 

.91 35 

1 .9014 

.9955 

.9 8""' 

.9927 

1 

,?P0 

.?31M + 1° 

.913? 

1 .91iq 

• 992 3 

* 9 56 0 

.986? 

1 

,?5 0 

.?fl 5= + 0 9 

.916 fi 

l . 9fl? u 

.9831 

. °4‘’ = 

.9783 

£. 

P' 

.300 

..3397+0 0 

, 916? 

1.9030 

.9829 

• 9 2 c 8 

.9696 

| 

.350 

.3905+09 

.91=6 

1,9177 

.9769 

.°01 n 

.9591 

i)' 

.40° 

.^•-or+0 3 

. °1 49 

1 ,9"4 7 

. 93rn 

,0735 

.9477 

I 

,<*50 

,4P7-: + 09 

.9142 

1.9050 

.9623 

,P44Q 

.9342 

1 

.500 

. = ?■>•: + ao 

.91 34 

1 .905 c 

.9=45 

. n 125 

.9231 

1 

.5=0 

.5^u- +09 

• ° l?b 

1 .9060 

. 945 ? 

.77°7 

.9050 

£' 

.6"P 

. 61 45 + 0 9 

. 91 1 7 

1 .9"C4 

.9 364 

. 7u6J 

• 88 91 

e- 

.55 0 

,f5?-: + "9 

, 9n9 

1.916= 

.9266 

.7118 

. 8 724 

b 

.700 

.e^r+o" 

,°1 00 

1.906 7 

.9163 

. 6 7’4 

, 855? 

t; 

.750 

.7i9=+ny 

.9091 

1.9067 

.905 7 

.64?3 

.8775 

f. 

.eo o 

. 7*. P r +tt 9 

. 9083 

1 .9165 

.8943 

• 60°1 

.8194 

I 

.051 

.7*51+09 

,9°34 

t , Q 16 3 

.3836 

. 676 0 

,8010 

| 

.90 0 

. eoof +Q9 

.9066 

1.90=7 

.3722 

.5 433 

,7824 

r 

»°5 0 

.822E+09 

.9056 

1.9051 

.8607 

.6116 

.7670 

f; 

1.000 

. 8-,?I + 09 

.9050 

1 .9045 

.8491 

, 4 " 1 2 

.7451 

i : . 

1.050 

. OBOE + n q 

, q 0 i, T 

1 .9134 

.837* 

.-5<9 

* 726 5 


1.10 0 

, 376= + 0 9 

.1"’c 

1.9029 

.8257 

.4?3q 

.7079 

t 

i 

1.150 

.891- +09 

.9030 

1.901° 

.8140 

.3931 

.6 096 

p; 

1.200 

.9035+09 

. 90 ?4 

1.9010 

.8024 

.7717 

.6715 

■j 

1 .250 

.9145+09 

.9016 

1 .9""3 

.7919 

.74^5 

.653 = 

A 

1.300 

, qp 3- .1 a 

• 9 n 1 3 

. 91" - 

. 779* 

. 73*7 

.6358 

l.' . 

1.350 

. 9315+0 9 

.9008 

1 » 9 " 0 2 

.7681 

.3031 

.6184 

: 

1.400 

.938-- + 09 

. 9003 

1 . B°°9 

.766° 

.2020 

.6014 

r 

1 .<*50 

.9-*?: +0 6 

,8999 

1 . 0996 

.7450 

.2637 

.5847 

i 

1.500 

. 4«*7f +0 9 

. 0 995 

t .09°" 

.7340 

.2466 

.5684 

1 

1.550 

.9=1 5 + "9 

.89°? 

1.3904 

.72.39 

.??°1 

.5525 

r 

5c 

t; 

1.600 

.95 3-+ 0 9 

. 8989 

1.8977 

.713? 

.21 55 

.5 170 

1.650 

• 9555 + 0 9 

, 8°«6 

1 . 0903 

. 7126 

.1 990 

.5220 

■• " 

1.700 

.9555 + 0 9 

. 8904 

1 .«95? 

.692? 

.1 .0 = 4 

.5177 

ft 

1.750 

. 955 1 +0 9 

. 89 8'’ 

1.0945 

, = =?n 

. 1 720 

.4931 

! 

i' 

i .pnn 

.95= r +0° 

. 8980 

1,8933 

.6719 

.1610 

.4794 


1.0=1 

.954-+QO 

. og’s 

1 .8919 

.6623 

.1501 

.4660 

j-’ 

1.90 0 

. °=2= + 0 9 

.8977 

1 .8906 

.6523 

. 1 359 

.4530 

r 

1 .95" 

,9605+09 

. 8 93S 

1 .885" 

,6-*’0 

.1 7"5 

.4405 

1 

? ,100 

. 94 7 t ♦ n q 

,«9’4 

1 .8079 

.6376 

.1 217 

.4284 




T s 


EXPANSION; 0 = pA^flHyfPOGf + 


.50=0-0’ s/cm 3 svr = 574.754 m/sec 


PHO/pwOT 

A+/A 

SV/SVT 

P/PT 

T/TT 

9H0/PH0T 

A* /A 



* -P-~- 

■RELATIVE 

TO IDEAL 

GAS VALUES- 


1.0000 

1.C900 

l.onno 

1.0000 

1.0000 

1.0000 

1.0000 

.9980 

.0893 

.°99R 

.9996 

.9996 

1.0000 

1.0402 

.9949 

.1785 

.9990 

.998? 

• 9985 

.9999 

1.0393 

,9809 

.2655 

.597 9 

.996? 

.9967 

1.0001 

1.036? 

*9 0 01* 

.3498 

.9362 

.9933 

.9941 

1*0001 

i. 0366 

.9= 95 

.4305 

.9942 

.98 96 

.9909 

1.0001 

1.0344 

• 9^6 9 

.5072 

.9917 

.985= 

.9970 

1.0004 

1.0321 

,9471 

.5790 

*° 8 0 0 

.9807 

• 9626 

1.0007 

1.0295 

.9757 

.6455 

.905 = 

.97 53 

.9776 

1.0011 

1.0265 

.9072 

.7 066 

.9020 

.9698 

.9721 

1.0019 

1.0236 

,8876 

.7616 

.9781 

.9638 

.9661 

1.0028 

1.0204 

.8668 

.8105 

.9779 

.95 77 

.95 98 

1.0039 

1.0172 

. 0451 

. 8536 

.9695 

.9517 

.9531 

1.0055 

1.0142 

• B2?7 

. 8904 

.9649 

.9455 

.94 62 

1.0072 

1.0111 

.7992 

.9216 

.9602 

.9396 

.9390 

1.0096 

1. 0085 

.7754 

. 9470 

.9553 

.9339 

.9317 

1.0123 

1.0061 

,*5l* 

.9670 

.9503 

.92 84 

.9242 

1.0154 

1,0039 

.7230 

. 9820 

.9453 

.9234 

.9167 

1.0192 

1.00 23 

.3031 

.9923 

.9402 

.9188 

.9092 

t.0234 

1.0011 

,6790 

. 9981 

.9352 

.9145 

.9016 

1.0260 

1.0002 

.6551 

1.0000 

.9301 

.9108 

.8941 

1.0334 

t.nooo 

.6715 

.998? 

,925? 

.90 76 

.6866 

1.039? 

1.0003 

.60 03 

.9933 

.9202 

.9050 

.8793 

1.0457 

1.0011 

.5855 

.9857 

.91 = 4 

.9028 

*6720 

1.0527 

1.0025 

.5632 

.9749 

.9106 

.9014 

.6648 

1.0604 

1.0046 

.541 7 

.9621 

,9060 

.9001 

.8577 

1,0683 

1,0071 

.5201 

.9475 

.9016 

.8995 

. 8507 

1.0770 

1.0103 

• 4 9°9 

.9711 

.8972 

.8994 

, 8439 

1.0 86 3 

1.0140 

.47q<* 

.9133 

,8 930 

.8998 

.8371 

1.0961 

1.0183 

*46 1 1 

. 8944 

• 8888 

.9008 

.8306 

1.1064 

1.0231 

• 441.4 

.8745 

.8848 

.9n2u 

. 6242 

1.1174 

1.0786 

.4? 7* 

. B5 41 

.8808 

.9047 

.8180 

1.129? 

1.0345 

• 4061 

. 0731 

.0770 

. 90 76 

.8120 

1.1416 

1.0416 

,3995 

.81 18 

.0732 

.9112 

. 00b? 

1.1547 

1.0490 

.7775 

.790? 

.069= 

.915? 

.8006 

1.1683 

1.0569 

.3501 

. 7684 

.0660 

. 9199 

.7952 

1.1825 

1.0654 

. .74 74 

. 7467 

.8626 

,9251 

.7900 

1.197 3 

1.0745 

.7293 

.7251 

. 0592 

.9310 

.7550 

1.2126 

1.0842 

.31 59 

. 7 0 .7 8 

.0560 

.9376 

.7802 

1 » ? ?9 1 

1.0946 

.30 70 

.6827 

.8529 

.94 46 

.7755 

1.2459 

1.1055 

.2906 

,6619 

.8499 

.9522 

.7711 

1.2632 

1.1169 


K’TVQS 



MftCH LOCAL IS6NTR0PIC 

expansion coepr . 



o.ono 

.050 

.ion 

• 150 

• 200 

.’50 

• 300 
. 35 0 
.400 
.450 
.500 
.550 
.600 
.650 
.700 
.750 
.aoo 

.850 

.900 
.95 0 
1.000 
1 .050 
1.100 
1.150 
1 .200 
1.250 
1.30 0 
1*350 
1.40 0 
1.450 
1.500 
1.550 
1 ,600 
1 ,650 
1.700 
1.750 
i .eon 
1 .850 
1.90 0 
1.950 
2.000 


I 

1.7650 
1.7184 
1.7607 
1.7462 
1.7734 
1 • 7494 
1.7428 
1.7364 
1.745? 
1 .7363 
1.7336 
1.7374 
1.7272 
1.7327 
1.7264 
1.7240 
1.7247 
1.7204 
1.7147 
1,7151 
1.7113 
1.7097 

1.7054 

1.7055 
1.6992 
1.7010 
1.6980 
1.6958 
1 .6928 
1.6914 
1.6912 
1.6908 
1,6876 
1.6846 
1.6821 
1.6801 
1.679’ 
1.6787 
1.6759 
1.6732 


ISENTROPIC expansions OF PARAhVCFOGEN 


B. (CONTINUES* 


VISCOSITY 

thermal CONDUCTIVITY 

PRANHTL 

G/CM-SEC 

CAL/CM-S6C-K 

NUMBER 

• 26 381 £-0 4 

• 10091 E-0 3 

.7631 

.763046-04 

.100586-03 

.7632 

.262456-04 

. 10034E-03 

.7632 

.261486-04 

.999336-04 

.7633 

•26012E-B4 

.993706-04 

.7634 

.’58406-04 

.986506-04 

.7635 

.256336-04 

.977896-04 

.7638 

.253936-04 

. 96786E-04 

.7641 

.251216-04 

.956516-04 

.7645 

.’48216-04 

.943116-04 

.7657 

.244946-04 

.928296-04 

.7672 

* 241446-0 4 

.912476-04 

.7690 

.237726-0* 

.895836-04 

.7708 

.233816-04 

• 87564E-04 

.7752 

.229736-04 

.858796-04 

.7764 

.225526-04 

.841366-04 

,7776 

,221196-04 

•82331E-04 

,7792 

.216776-04 

.804756-04 

.7811 

.212276-04 

.’85706-04 

.7832 

.207726-04 

.767276-04 

.7848 

.203136-04 

.74968E-04 

.7854 

.198526-04 

.731556-04 

.7867 

.193906-04 

.712996-04 

.7885 

.189296-04 

• 69450E-04 

.7904 

.184716-04 

.676486-04 

.7920 

.180136-04 

.658476-04 

.7937 

.175596-0* 

. 641266-04 

.7944 

.171096-04 

.624686-04 

.7945 

• ! 66646-04 

.60B04E-04 

.7950 

.162266-04 

.591646-04 

.7954 

.157956-04 

.575566-04 

.7959 

.153716-0* 

• 559546-04 

.7968 

.149566-04 

.543676-04 

.7980 

. 145496-04 

• 5280 BE- 04 

.7996 

. 14 150E-04 

.513916-04 

.7995 

.137616-04 

,499496-0* 

.8006 

.133816-04 

.484876-04 

.8028 

.130 106-114 

.470156-04 

.8060 

.12648E-04 

•45542E-04 

.8104 

. 122966-04 

.441866-04 

.8136 

. 119536-04 

.429306-04 

.8161 
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' TT 

- c n . o k 

F 7 = 

10.0 A*V 

C+OT ! 

. +285-9 ? 

57 CM* 

5VT = ^34 

.108 M/SEC 




MACH 

PE7K 

7 

c°/tv 

SV/5V* 

P 7 = T 

T/TT 

PH-Q/PHQ t 

A*/A 

SV/SVT 

P/PT 

T/TT 

RH07PH0T 

A* /A 











PELATIVE TC 

IDEAL 

GAS VALUES- 


o.ono 

0 . 

.955 + 

1 .7753 

1.0000 

1.0000 

1.0000 

1.0000 

0.0000 

1.0000 

1.0000 

1. 0000 

1.0000 

1 . nooo 

.050 

.4536 + 0 8 

.9556 

1 • 7 * i ■ 0 

. 99 96 

.99*9 

. 999? 

.9987 

.0 890 

.9998 

.9996 

.9997 

1.0000 

1.0312 

.1 00 

,9145+0 6 

.9655 

t .7765 

.99 3* 

,9916 

.9967 

.9951 

.1770 

.9993 

. 9906 

. 9987 

1.0001 

1. 03 08 

.15 0 

.1 35-+19 

. 9553 

1 . 7773 

. 996* 

.'*311 

.9925 

,9808 

.2633 

• °9fl 5 

.9966 

.9970 

1.0000 

1, 0298 

.zoo 

.1T9E+09 

.9550 

1 .7*05 

. 993+ 

. 9 oca 

.986" 

.9304 

, 3471 

.9973 

.9942 

.9947 

1. 0001 

1. 0288 

.25 0 

.2215+09 

.95w7 

1 .7*99 

. 9397 

.9438 

.9796 

.96 96 

.+276 

.0959 

.9910 

.9918 

1.0002 

1.0274 

* 3 0 0 

. 263. +0 9 

, 9=43 

1.7515 

.935? 

.9*74 

.9708 

.9567 

.5039 

.99 + 1 

.9871 

. 988* 

1.0003 

1.0256 

. *5 n 

."*935 +"9 

.9538 

1.73*3 

.9300 

.90*0 

.9606 

.941 0 

.5757 

.991 9 

.9020 

. 9842 

1.0006 

1.0236 

.too 

.3415+09 

.9533 

1.7853 

.9741 

. 8758 

.9491 

.9251 

.64 24 

.9895 

.9779 

.97 95 

1.0000 

1.0214 

.450 

. 37 65 + 09 

. 9 C *7 

1.7373 

.9674 

.046 5 

.93 64 

.9063 

.7035 

.9068 

.9727 

.9744 

1.0014 

1.0192 

*500 

.4135+09 

.9521 

1 ,-«o + 

. 9v. 0 1 

.31=3 

.9226 

.38*11 

.7589 

.9838 

.9671 

.9607 

1.0021 

1.0168 

*55 (1 

.++65+09 

.9 = 14 

T . * 91 7 

.952* 

.73*7 

.9070 

.3660 

. 8083 

.9BP6 

.9613 

.9627 

1,0030 

1.0144 

. fa 0 0 

.477E+P Q 

. 95 n * 

1.79*6 

.9+3’ 

. 7u«9 

.8920 

.84*4 

.8515 

• °770 

. 9552 

. 9563 

1.00+0 

1.0116 

. bt U 

.5055+09 

.95 00 

1 . 7Q-" 5 

• 93 + 6 

.71-7 

. 8756 

.0211 

. 8890 

.9733 

.9+94 

. 9495 

1.0057 

1.0096 

.700 

.5325+09 

. 9 + 9? 

1 .*07* 

.9251 

.6801 

.8584 

.7976 

.9205 

.9693 

.94 34 

.94 25 

1. 0076 

1. 0074 

*75 0 

. 55 65 + 0 9 

. 94 86 

1.798* 

.9151 

.6+5 6 

.840* 

.7*36 

.946? 

.965? 

.93 76 

.93 53 

1.0099 

1.0053 

.ann 

•579E+09 

.9479 

l.flim 

. 9 n +7 

.6 114 

. 0??6 

.74 93 

.9666 

.9609 

.9320 

.9279 

1.0126 

1. 0036 

.85 0 

.599E+09 

.9472 

1.3010 

.89 + 0 

.5777 

.0047 

.7240 

. 9817 

. 9565 

.9266 

.9204 

1.0157 

1. 0020 

.90 0 

.618E + 09 

• 9465 

1.8019 

. 3331 

.64+9 

.7856 

.700 + 

.9921 

.9519 

.9216 

,9128 

1,0194 

1.0009 

• 95 0 

,6345+09 

.9+58 

l.«0?5 

.3719 

. 5 1 31 

.7663 

.6761 

.9981 

.9+74 

.9171 

, 90 52 

1.0237 

1.0002 

l.oon 

•649E+09 

. 9+5? 

1.8029 

. 86 06 

, + 3*-3 

.7480 

.6571 

1 . 000" 

. ° + ? 7 

. 9130 

.0976 

1.0205 

1.0000 

1.050 

. 66 ?E +0 9 

. 9+ + fc 

1-3031 

.8491 

.46?a 

.729? 

.67 32 

.9902 

. 9331 

.90 9+ 

.8900 

1.0337 

1.0002 

1*100 

.6745+09 

. 9440 

l.«03? 

. 8*76 

. 4 2 +4 

.7106 

.6047 

.9930 

.9335 

.9062 

.8825 

1.0396 

1.0009 

1.150 

.6045 + 09 

. 9u 34 

1.3030 

.8260 

.3 9’5 

.6921 

,5813 

.9050 

.9289 

.90 37 

.8751 

1.0+61 

1. 0022 

1.200 

.6936+09 

. 9-4*9 

1.8023 

,8144 

.3719 

.67** 

■ 55 95 

.9745 

.9*43 

.9019 

.0678 

1.0534 

1. 0 0+2 

1 .250 

. 700- +09 

.9 + * + 

1 ,30*4 

.8029 

.3+76 

.6557 

.5376 

.9616 

.=>198 

.90 04 

,3606 

1.0610 

1.0065 

1.300 

, 70 6£ + !? 9 

. 94 iq 

1 .801 ‘ 

.7 3 1 + 

.32+7 

.6379 

• 5164 

.9469 

,9154 

.8997 

.8535 

1.0694 

1.0097 

1.351 

.7116+99 

.^ + 15 

1.3014 

.7799 

.3031 

.6205 

.+953 

.9304 

.9111 

, 899+ 

.8466 

1.0703 

1.0133 

1.400 

.7156+09 

,9 + 11 

i .«on 3 

.7696 

.2378 

.6034 

.4759 

.9127 

.9066 

, 8998 

<0*99 

1 . Dean 

1.0176 

1 .45 f) 

.ri a<= + f) {, 

.9+17 

1 .80P1 

.757+ 

,*6*6 

.5066 

.4566 

.8936 

.9027 

. 9006 

. 3333 

1.Q9B0 

1. 0222 

1.500 

.7-515 + 0 9 

. 9 + 03 

1.79Q5 

.7+6* 

• 2+= 3 

.5703 

. + 380 

.0738 

.8986 

.90 22 

.61269 

1.1069 

1.0278 

1.550 

.7225+09 

.9400 

1.7983 

,7*53 

• ?2°Q 

.554* 

.4200 

.8532 

.89+7 

. 9043 

.0206 

1.1202 

1.0338 

1 • b 0 D 

.7235+09 

.9397 

1 .7984 

.7246 

.2133 

.5387 

.4027 

.8320 

.8909 

. 90 66 

.8145 

1.1320 

1. 0402 

1 .65 0 

.7* 35 + 09 

. 9395 

1 ,7979 

. 71 39 

,19 = 7 

.0?35 

.3060 

.8104 

.887? 

.90 96 

. 80 85 

1.1444 

i.n+73 

1.700 

, 7??" + 0 9 

.979? 

1.+975 

. 7" 3^ 

. 1B=P 

.5087 

.3711 

.7087 

.8837 

.9132 

. 0027 

1.1576 

1.0550 

1.75 0 

,721; +09 

. 9 390 

1.7970 

.6932 

.1723 

. 49 + * 

.3547 

.7669 

.880? 

.9173 

.7970 

1.1712 

1. 0633 

1.600 

. 7205 + 0 9 

.9389 

1.7965 

,6030 

.loll 4 

.4303 

.*40 0 

.7450 

.0*68 

.9218 

.7915 

1.1654 

1.0720 

1.650 

,71 85+09 

.9307 

1 . *°c. 0 

.6*31 

. 1 + Q + 

.4667 

.**59 

.7233 

.87*6 

.9269 

. 736? 

1.200? 

1.0014 

1 ,qn 0 

. 71 65 ♦ 0 9 

.'3386 

1 .*95+ 

. 66 3* 

.1*9? 

.4536 

.*1*4 

.7918 

.0704 

.9327 

.7811 

1.2158 

1. 091+ 

1.950 

.71 3; +09 

.9*8 = 

1 ,7qt8 

.6 = 37 

• 1 * °7 

.4 + 00 

. ? 9 95 

.6805 

.067* 

,93 8ft 

. 7761 

l.?3ifl 

1. 1019 

2.000 

.711; +0° 

.9384 

1.7942 

, & ++7 

.1288 

.4285 

.28*7 

.6595 

.064 + 

.9+55 

.7713 

1.2404 

1.1129 
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REAL-GA C 


ISENT90PTC EXPANSIONS OF P---- 


C. (CPNTIMUFO* 


MACH 

LOCAL I SENTROPIC 

VISCOSITY 

THERMAL CONDUCTIVITY 

PRANDTL 


EXPANSION COEFF, 

G/CM-SFC 

CAL/CM-SEC-K 

NUM65P 

Q .000 

I 

,299 90 5-0 4 

.118595-03 

.7077 

• 050 

1.6396 

.299085-04 

.118195-03 

.7077 

• 100 

1.7151 

.298475-flu 

.117905-03 

.7077 

• 150 

1.6881 

• 29746E-fl<+ 

.117415-07 

.7076 

.?no 

1.7086 

.296065-04 

.116V v5-0? 

.7076 

,25 0 

1.7055 

.294276-04 

.115895-03 

.7077 

.300 

1.6982 

•292105-04 

.114865-03 

.7078 

. 350 

1.7046 

.289595-04 

.113655-03 

.7 080 

*•♦00 

1.7017 

.286735-04 

.112295-03 

.7083 

.450 

1.7067 

.283575-04 

.110775-03 

.7088 

.500 

1.7035 

. 280105-04 

.106415-03 

.7276 

• 55 0 

1.7049 

.?7637£-fl4 

.104765-03 

.7279 

* 600 

1*7016 

. 272 39E-0 4 

.10300E-03 

.7283 

.650 

1.7106 

.768195-04 

.101175-03 

.7287 

.700 

1.7066 

.263805-84 

.992925-04 

.7291 

.750 

1.7053 

.25923E-04 

.973455-04 

.7296 

.300 

1.7070 

. 25**5 3E-0 4 

.953695-04 

.7302 

. 350 

i .m27 

.749715*04 

• 9336 26 - 04 

.7307 

. 900 

1,7053 

.74479E-04 

.913115-04 

.7315 

.950 

1,7049 

.239805-04 

. 891215-04 

.7334 

1 .000 

1.7026 

.234775-04 

.869295-04 

.7354 

1.050 

1 .7003 

.229695-04 

.842265-04 

.7420 

1 .100 

1.6988 

. 7246? £ — O 4 

.821435-04 

.7434 

1 . 150 

1 . 6994 

.219515-04 

.800695-04 

.7449 

1.200 

1.6992 

. 214445 — 0 4 

.780135-04 

.’463 

1.250 

1.6933 

.209395-04 

. 759835-04 

.7479 

1.300 

1 . 696^ 

. 20 43 75-0 4 

. 739775-0^ 

.7495 

1 . *50 

1.692*. 

.199405-04 

.720415-04 

.7506 

1 . 4f10 

1.6929 

• 194495-04 

.701225-04 

.7519 

1.450 

1.6869 

.189635-0* 

.682465-04 

.7531 

1.500 

1.6905 

. 1 84 845-0** 

.664285-04 

.7541 

1 .5=0 

1 .6871 

. 180135-04 

. 646495-04 

.7550 

1 .500 

1,6841 

.175485-04 

•62904E-04 

*7557 

1.650 

1.6846 

.170925-04 

.612135-04 

.7560 

1 .700 

1.6847 

• 16o445-0 4 

.595475-0* 

.7566 

1 . 750 

1 .6834 

.162055-04 

.576925-04 

.7575 

i . son 

1 . 6 P 01 

.157745-04 

.562575-04 

.7586 

1 . »50 

1 . 6 R 0 P 

• 153545-04 

• 5464 95- [] 4 

.7598 

1 . Q 0 0 

1.6311 

* 149475-04 

.530705-04 

.7613 

1 .95 0 

1.678? 

. 14 54 15-04 

,515775-Ou 

.7622 

■ > .ono 

1.6776 

.141495-0*. 

,501505-04 

.7626 


I ' 


ta^l' 




SENTPOPTC 6 v t»ft NSI ON 5 PF P A? AH V CPOGE N 



TT = 


00 .0 


K 


■J * 

PT = 10.0 AT* 


MACH d E/m 7 CT'/CV SV/^VT p/cy 


0.00 0 

0. 

. 94c5 

1 . c n 1 7 

i-oon" 

i.oo n r 

.05 0 

. 39 5“ *-0 0 

Q ft c 5 

l.f'O’l 

. 9997 

. 9 9 L 1 

.1 ?0 

.fen 7:*ns 

,PPr~ 

1 ,6?<.l 

. 9009 

. Q 9’ > ? 

.15 0 

.°nfe-*o0 

. 9063 

1.5056 

. 9^79 

. 9824 

.25 0 

.1205*09 

.916 1 

1 .637" 

. 9955 

, P6 Q 0 

» 25 0 

• i-+9 : *09 

.9859 

1.6105 

• 9 Q 30 

.9520 

.Tin 

. 1 775*09 

. 9"56 

1.6139 

. 9699 

.9317 

.350 

. ? n + o 0 

.9*53 

1 .61 77 

.946? 

.90 04 

.400 

,??9c *09 

.9950 

t.622? 

. 9820 

• ft 0 ? c 

.*.50 

. 25 45 * 0 9 

.9046 

1.62M 

• 9 7 73 

• 4 5 <• 1 

.50(1 

.2775409 

.P0<*2 

1.63’. 

. g 7 ” 

,0’3O 

.550 

.2996 *0 9 

.993* 

t .6 7PT 

,945? 

. 7 91 0 

.600 

. 3195*D9 

. P0 3 3 

1.6n4? 

,9 = 94 

• 750 6 

• 65 0 

. 3305+0 9 

. 9"?4 

1.6-505 

, O S pr> 

.7 2-5 

.700 

,756E*0 5 

.9024 

1 .65^9 

.9455 

• b89? 

.750 

. 3725*0 9 

.9819 

1 .6-634 

.9376 

. 6 540 

.800 

.387 r *n 9 

. 9" 1 4 

1.669a 

.9293 

.6200 

.850 

. 40 O F * 0 9 

. 9904 

1 .6762 

.9204 

.5856 

.900 

.4115*09 

.94 03 

1 ,6»23 

.9111 

.5519 

.950 

.*.??5*09 

. 97 9 a 

1 .6 901 

.9015 

.5190 

1.000 

.UMf+P 0 

,Q7C3 

1 .6935 

.8914 

. 403 ? 

1.050 

. **3 95+0 9 

.0709 

1 • 6 a 8 5 

.8411 

. <-560 

1.100 

. 4467+0 9 

.9*04 

1 . 7 (1 3 0 

.0704 

. <-276 

1.150 

.4525*09 

, °7 7 9 

1 .7070 

• 85 95 

. 39°7 

1 .200 

• 45 66 ♦ 0 9 

.9775 

1 .7105 

.8405 

. 7734 

J .250 

•4605*0 9 

. 9770 

1 . 7 1 3 5 

.837* 

.3485 

1 .300 

.4635*09 

, 9*66 

1.7161 

, 0260 

.3249 

1.350 

.4665*09 

.9763 

1 .71 81 

.0147 

.3(129 

1.4C0 

.4675*09 

.9759 

1 . 7 19? 

. 8033 

. ’ 8*” 

1.450 

• 46 8E+ 0 9 

.9756 

1 .7?U 

,?9?0 

. 2 6? 8 

1.500 

.<*686+09 

, 975 2 

1.7??1 

.7"07 

.2446 

1.550 

.4685+09 

,9749 

1.7229 

,7695 

• 2?"7 

1 ,600 

, 46P r +09 

. 9747 

1.7234 

.75 8+ 

.2120 

1.650 

. 4675 + 0 9 

.9744 

1 .7237 

.7 475 

.1977 

i.7nn 

.4655*09 

.9742 

1,7238 

,736b 

.1036 

1.750 

. 4645 +0 9 

.9730 

1.7230 

.7259 

.1709 

1.800 

.4625*09 

.9737 

1 .7238 

.715* 

,1591 

1 .85 0 

»460*+09 

.973fc 

1 . 7’36 

. 7050 

.1401 

t .90 0 

. 4 C 75 +0 9 

.9734 

1 . 77 74 

.6949 

.1379 

1.950 

. h557 +09 

.9737 

1.727? 

.68 48 

.1205 

2.000 

.«52"+09 

. Q7 3l 

1 . 7 229 

.6751) 

.1196 


D HOT - . U1E-D2 G/TM3 SVT - 717.913 M/SEC 

T/1J RHD/'PHor A*/A 5V/SVT P/PT T/TT RH07RH0T A*/A 

c tL A TI Vc TO IOt AL G^S VALUES- — 


1 .0000 
. 999 7 
.997? 
,993' r 
. 9830 

• 98 26 
.975 0 
.9662 
.9561 
.944" 

.93?7 

.91 59 
.9Qi+A 
.8590 
. 872 0 
.8595 
,8333 
.820? 
.801’' 
.78?9 
. 7640 
.7-n+q 
, 7 259 
.7069 
.6881 

• 66 95 
.6512 
.633? 

• 61 5 6 

.5987 

.5816 
.5651 
#5 + 9 1 
.53 36 
.5183 
.5036 
,48 9*. 
.i*755 
.4621 
.4491 

• 436 c 


1.0000 
.9988 
. 9951 
,98*9 
.9801 
. 9c 95 

. 9564 
.9414 
.9244 
.9058 
.8857 
0 864? 
. 3416 
.8130 
.7936 
.7687 
.7435 
. T i82 
.6927 
.6675 

• 64? 5 
.6180 
.5939 

• 57 n 4 

• 54?6 
.5255 
.5040 
.4833 
.46*4 
.4441 
.4256 
.4078 
.7903 
.^744 
.3587 
.3477 
, 32 94 
.7156 
.3025 
.2899 
.2779 


0. oooc 

.007? 
.1735 
.2583 
. 3407 
. 420 ? 
.4959 
.5673 
.6740 
.6955 
. 7515 
,8017' 
.8462 
. 8846 
. 9171 
.9438 
.9650 
.9809 
.9917 
.9980 
1.0000 
.9981 
.9928 
.9844 
.9735 
.9603 
.9450 
. 9281 
.9099 
.8904 
.8701 
.8493 
,8?79 
.806? 
.7943 
.7624 
.7405 
.7108 
.697? 
.676Q 
.65 49 


1,0000 
1 .noon 
.9999 
.9997 
.9995 
.9991 
.9967 
,9982 
.9976 
.9969 
.9960 
.9950 
. 9978 
.9924 
.9908 

• 9B90 
.9869 
.904 7 
.9822 
.9794 
.9765 
.9734 
.9700 
.9666 
.9630 
.9593 
.9555 
.9517 

.9^70 

.9440 

.9401 

.9363 

• 97?6 
.9209 
. 9 ? 53 
.921 8 
.9184 
.9151 
.9118 
.90 87 
. Q 056 


1 . 0000 
. 9998 
.9992 
.9980 
.9964 
.9943 
.9917 
.9887 
.9853 
.9815 
.9773 
.9726 
.9677 
.9623 
.95 67 
.9509 
.9451 
. 9393 
.9333 
.9278 
.9224 
.9174 
.9129 
. 90 88 
.90 54 
.90 26 
.9003 
. 8988 
, 8980 
.8976 
. 8981 
.0993 
.901? 
. 90 33 
.906,3 
.9100 
.9142 
.9189 
.9242 
.9300 
. 9361 


1,0000 
.9998 
.9992 
. 9982 
.9967 

• 99<*9 
. 9926 
.9898 
.9867 
.98 30 
.9790 
.9744 
.9695 
.9641 
.95 83 
.9521 
.9455 
.9387 
.9316 
.9243 
.9168 
.9092 
.9015 
.8939 
.8863 
.8787 
.8713 

• 8640 
.8569 
. 84 99 
.8432 
.6366 
. 8302 
.8240 
. 8180 
.8121 
.8065 

.eoto 

. 7957 

.7906 
. 7857 


1.0000 
1.0000 
1.0001 
1.0001 
1.0000 
1.0000 
1.0000 
1.0001 
1.0002 
1.0003 
1.0006 
1.0008 
1.0013 
1.0019 
1 . 0(126 
1.0035 
1.0048 
1.0064 
1.0082 
1.0106 
1.0136 
1.0170 
1.0210 
1.0257 
l.o 311 
1.0372 
1.0438 
1 . 051 ? 
1.0593 
1.0680 
1.0774 
1.0077 
1.0985 
1,1100 
1.1221 
1.135 0 
1.1484 
1.1624 
1.1770 
1.1923 
1.2079 


1.0000 
1.0103 
1.0103 
1.0101 
1 . 0098 
1.0095 
1.0091 
1.0086 
1.0081 

1. 0075 
1.0069 
1 . 0061 
1.0054 
1.0046 
1.0036 
1.0027 
1*0019 
1.0012 
1.0005 
1.0001 
1.0000 
1.0001 
1.0007 
1.0016 
1,0031 
1 . 005 ? 

1.0076 
1.0107 
1.0144 
1.0185 
1.0234 
1.0290 
1.0351 
1.0417 
1.0490 
1.0571 
1.0656 
1.0747 
1.0843 
1.0946 
1.1052 





ORIGINAL PAGE IS 

jfffi POOR QUALITY 


T 


V 


p^AL-GAS I-tN^POPTC EXPANSIONS OF PA9AHYDP0G6N 


D. (CONT I MJECl 


HACH 

LOCAL ISFNTROPIC 

VTSC05ITV 

TH6PMAL CONDUCTIVITY 

PF ANCTL 


EXPANSION C06FF. 

G/CM-S6C 

CAL/CM-SEC-K 

NUMP6P 

* . on* 

I 

.367236-0* 

.151886-03 

.7085 

,050 

1.5974 

• 366336-0 * 

•15126E-03 

.7085 

.mo 

1.5910 

.365736-0* 

.150856-03 

.7085 

. IF 0 

1.5833 

* 36*746-0* 

• 1501 66-07 

.7086 

. ?00 

1.5850 

.363766-04 

.149216-03 

.7087 

.250 

1.5878 

.361596-0* 

.147996-03 

.7088 

.100 

1.5887 

* 759*46-0 * 

.146516-03 

.7090 

.350 

1.59*9 

.356926-0* 

.1*5046-03 

.7081 

* *n n 

1.5976 

• 75*0 7£-fl 4 

.143486-03 

.7066 

.*50 

1.60?? 

.350796-0* 

.1417*6-03 

.7049 

.500 

1.6088 

, ^47216-0* 

.139826-03 

.7033 

.55 0 

1.C095 

.343316-0* 

. 137726-03 

.7016 

.600 

1.6179 

.779106-04 

* 1 3547E-03 

.7000 

.650 

1.6711 

. 334596-0* 

.133076-03 

.6986 

, 700 

1.6248 

. 729826-0* 

.130546-03 

.6974 

• 75 0 

1.6303 

.324816-0* 

. 127886-03 

• 6964 

.800 

1.6361 

.31957E-0* 

. 12513E-03 

.6957 

• 850 

1.6473 

.314146-0* 

.122456-03 

.6945 

.90 0 

1.6*53 

. 308 556-0* 

. 119756-03 

• 6933 

• 950 

1.6523 

.302826-0* 

.116996-03 

.6925 

1.000 

1.6578 

.296986-0* 

. 114186-03 

• 6922 

1.050 

1.6601 

• ?9i 056-0* 

,1117*6-07 

.6923 

1.100 

1.5657 

• ?850 86-0 4 

.106496-03 

.6929 

1.150 

1.6677 

• 279 0 7E-0 * 

.105636-03 

.6939 

1.200 

1.6720 

.273056-0* 

.101566-03 

.7036 

1.250 

1.6752 

.267056-0* 

• 98953E-D4 

.7042 

MO(! 

1.6737 

. ?6107£-0* 

.963896-04 

.7049 

1.350 

1,6777 

.2551*6-04 

.938786-0* 

.7057 

1 .*00 

1.6781 

.9*9266-0* 

.914256-0* 

.7066 

1 .45 0 

1.6761 

. 243*56-0 * 

• 890256- 0* 

,7075 

1.500 

1.6788 

.^77726-0* 

.066726-04 

.7090 

1 . 550 

1.6805 

. 23207E-0* 

. 8*2606-04 

.7108 

1 .600 

1.6788 

.22 6516-04 

.815856-04 

.7158 

1 .650 

1.678? 

. 2210 4£-0* 

.793906-04 

.7173 

1 .700 

1,6786 

.215676-0* 

.772546-0* 

.7107 

1 .’50 

1 .680? 

.910486-04 

.751766-04 

.7201 

1 .800 

1.6785 

.205276-0* 

.731576-0* 

.7215 

1 .85 0 

1.6776 

.200166-0* 

.712006-0* 

.7227 

1 . 900 

1.6767 

. 195206-0* 

.o93D66-0* 

.7238 

1 .950 

1.6770 

.190 346-0* 

.67*786-8* 

.7? 47 

-> . on* 

1 • 6 7 79 

• 1 8 5596-0 * 

.66707t-0* 

• 7 25 5 
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" V- 

tt 

= ion .0 < 

PT - 

10.0 AT v 

9M9T = 

. 7466-0? 

5/C** 7 

S V T ^ +7 3 

.515 M/SEC 




MACH 

D ‘/M 

7 

CP/OV 

SV/SVT 

F/°T 

T/T + 

?H07°Mn’' 

A + 7A 

SV7SVT 

P/PT 

T/TT 

9 HO/PHOT 

A* / A 











PEL ATI V£ TO 

IDEAL 

GAS VALUES 


0 . O 0 0 

0 . 

. 39 + 9 

1 .u + ?fl 

l.ooon 

1 . 000 D 

l.OOttn 

1.0000 

0.0000 

t .0000 

1.0000 1 

L ,0000 

1.000 0 

1.0000 

.050 

. *>-?4° + r*8 

,9979 

1 ,4+4H 

.Q°98 

.99 3 7 

.9 n 94 

. 998 3 

.0860 

i.ooon 

1.0000 

.9999 

1.0001 

.9970 

.inn 

. 44 8 ~ + 0 8 

t OQTa 

1 .47*9 

,9°9i 

,qo?p 

.9977 

.9951 

.1713 

l.nooi 

.9997 

.9997 

1. 0001 

.9971 

• 13 0 

.655 c + 0 0 

. 9977 

1 .4+t 7 

.9980 

.997b 

.994° 

.983? 

.2650 

1.0002 

.9992 

.9993 

1,0000 

.9971 

.200 

. 9815*0* 

. 9° 7 6 

1 .- + P3 

.9964 

.9711 

.9909 

.9903 

.3365 

1.0004 

. 99 86 

.9908 

1.0001 

.9974 

.250 

.1095*05 

. 997 + 

1.4305 

.9944 

.9553 

.935? 

.9695 

.4t°7 

1. 000 c 

.9977 

. 9901 

l.nnoi 

.9976 

.700 

,l?° r *09 

,9977 

1.4837 

.99?" 

, 976? 

.9796 

,9583 

.490? 

1 . non b 

.9965 

.9972 

.9999 

.9976 

.350 

.1495 *0 ° 

,7070 

1 .406 + 

.9391 

. 91-3 

.9723 

.9411 

.5613 

l.OOll 

.9951 

.9961 

.9998 

.9979 

.40 0 

» lr 05*0° 

.996 8 

1 .*.°r 0 

.9653 

. 889° 

, ° Q4 n 

.9?42 

.6270 

1.0015 

.9936 

.9940 

.9999 

.9982 

.450 

.1855*09 

• 99 55 

1 . + 947 

. 9 B ?1 

.6631 

• 95+6 

.90° + 

.6 693 

1. (101 6 

.9916 

• 99 33 

.9999 

.9986 

.50 0 

.?n?' +99 

• 99 6’ 

1,499* 

.9780 

.874? 

.9+49 

,8860 

.7455 

1.0 022 

.9896 

. 991 4 

.9998 

.9989 

.55 0 

. 21 8 r *n 9 

.995° 


. 9775 

.8076 

.97 29 

.8671 

.7961 

1.0026 

.9070 

. 9093 

.9996 

.9991 

.60 0 

.2335*09 

. 99" 6 

1.5103 

.96 87 

,7715 

.9206 

.3400 

.8411 

1.0029 

.9041 

.9969 

.9995 

.9994 

.650 

. 2465 *09 

. 9°5? 

1 .516 » 

. 9c 74 

.73 = 3 

.9 rt 

."189 

. 8801 

1.0033 

.9807 

.9041 

.9993 

.9995 

.700 

.2? 8"*09 

, °°u9 

1 ,5239 

.95 7“ 

• 7 ^ *+ 6 

.897** 

.7911 

.91 "7 

1.0036 

.9773 

. 9809 

.9993 

.9999 

.750 

. 7695 *09 

.9Q46 

1.67*5 

. 9°1 9 

.e 7°n 

.878° 

.7657 

. 9411 

1.0039 

.9730 

.9773 

.999 0 

.9998 

.eoo 

.2805+09 

. 99« l 

1.5396 

• 94 5" 

.6354 

.862° 

.7392 

.9631 

1.0041 

.9686 

.9733 

.9989 

.9999 

.85 0 

.2885+09 

.9936 

1.5487 

. 53 37 

.6010 

.846 = 

.7178 

.9796 

1.0042 

.9630 

.9689 

.9909 

1.0001 

.^00 

.796 r *0 9 

,99.34 

1 .557 3 

.9315 

.5660 

.8296 

.6863 

.9913 

1.0042 

.9506 

.9640 

.9989 

i.onni 

.95 0 

, ^9 8 r +n q 

. 9° 3n 

1 .-663 

.9 + M 

. ° + +? 

.9171 

.65°" 

. 9979 

1.00 41 

.9531 

. 95 96 

.9991 

1. 0001 

i .on o 

.■*09"_*09 

. °9°6 

1 .5+°5 

. 9167 

. = no4 

.7941 

.63+5 

1.0000 

1.0030 

.9472 

. 9529 

.9993 

1.0000 

1.050 

.314**09 

,OQ?T 

1 .5°fc5 

. 9081 

.- 66 ’ 

. 7 76 6 

• 60 ? + 

.9981 

1 - 0 03? 

.9413 

.9467 

1.0000 

1.0002 

1.100 

.7185+0° 

.°919 

1 • ° °t 5 

. 89 3* 

.4300 

.756° 

.5077 

. 9924 

1.0025 

.9352 

.9401 

1.0008 

1.0002 

1 .150 

.371 ' +09 

. 9° 1 5 

1 .fcOfcu 

. B907 

. 4086 

.7708 

.55?+ 

. 903'* 

I.OOic 

.9290 

.93 + ? 

1.0019 

1.0004 

1 .?r d 

.8?4; +n 9 

. 991 7 

1.616? 

.8814 

.3087 

.718° 

,53**1 

.9714 

1.0003 

.9232 

.9260 

1.0037 

1.0009 

1.250 

.3265+0° 

.9°0* 

1 .6? r 6 

, 8’19 

.3 5-2 

.699° 

.5097 

.9570 

.9989 

.9176 

. 9186 

1.0060 

1.0016 

1.30 0 

. 3275 *0 9 

.9°05 

1.634° 

. 8620 

.3 792 

.680° 

, 48 **? 

. 9405 

.99+1 

.9123 

.9110 

1.0000 

1.0020 

1.350 

.3285*0 9 

.9902 

1.647° 

, 8519 

,30 = 8 

.6620 

,4655 

.9722 

.9951 

.9075 

,90 34 

1.0174 

1,0044 

1.400 

. +785*0° 

. 9899 

1 .6506 

.8-.16 

.7079 

.647° 

• 4447 

.9075 

,9929 

,90 33 

.8957 

1.0166 

1.0062 

1 . 4 5 0 

. 3285 + 0 9 


1.6-575 

.8710 

.2674 

,625? 

.4249 

. 8820 

,99115 

.0999 

.8081 

1.0210 

1.0090 

1.500 

.3773*39 

. °"93 

1.6633 

.3?04 

. 2 444 

.6073 

.4n?9 

. 8605 

.9078 

.0972 

.86 06 

1.027? 

1.0121 

1 .550 

. 7266+0 ° 

. 9891 

1.6697 

.80 96 

.7267 

.5 993 

.7878 

. 6384 

.9851 

. 0952 

.8732 

1.0344 

1.0158 

1 .60 0 

. 7?5 r +n9 

.98 86 

1 .6741 

. 7987 

.7104 

.577* 

. *7°? 

.61 ft - * 

. 987 1 

.8944 

, 8660 

1,04?? 

1.0204 

1 .650 

. ”7 r t!18 

. 9« «6 

1.6787 

. 7*73 

. 1 953 

. 556'* 

.7544 

.7937 

.9791 

.0942 

.0590 

1.0507 

1.0256 

1.700 

.322-+C9 

.9384 

1 .6317 

. 7770 

.1813 

.5401 

.33 39 

.7711 

.9+60 

.6940 

.85 22 

1.0600 

1.0314 

1.750 

.7205+0° 

. 9382 

1.6845 

.7662 

.1683 

.524? 

.7741 

. 7486 

.9729 

.096? 

.0457 

1.0702 

1. 0360 

1.800 

. 718**09 

. 9360 

1.6369 

. 755h 

.1564 

,5n94 

.7181 

.7764 

.969" 

.0985 

. 8394 

1*001 1 

1.0452 

1.850 

. 7i er + n ° 

. qa + 8 

1.6888 

• ? *+u ° 

.1457 

.4947 

.’’967 

.7043 

, 9666 

.901° 

. 8334 

1.0920 

1.0531 

1.900 

.71 7 = *0 9 

. 98 76 

1.6907 

.7747 

.1351 

.48 06 

.7841 

.6827 

.9635 

.90 54 

.6275 

1.1054 

1.0618 

1 .95 0 

. 31 1 r ♦ 0 9 

. 9379 

1 .691 5 

. 7733 

.1757 

. 466 ? 

.7720 

.6614 

.9604 

. 90 9ft 

.8219 

1.1186 

1.0710 

2.000 

,7085*09 

. 93 73 

1.8974 

.7136 

.1 leg 

.4536 

.7605 

.6405 

.9574 

.9149 

. 8165 

1.1325 

1,0809 



TABLE V. REAL-GAS ISENTROPIC EXPANSIONS OF PARAHYOPOGEN 

E. ICONTINUEDI 


If 


MACH 

LOCAL ISENTROPIC 

VISCOSITY 

thermal conductivity 

PRANDTL 

j- 



EXPANSION COEFF. 

G7CM-SEC 

CAL/CM-SEC-K 

NUMBER 

A 


0.000 

I 

.42882E-04 

• 19757E-0 3 

.7126 



.050 

1.5067 

.427846-04 

* 19652E-03 

.7130 



.100 

1.4764 

• 427306-0 4 

. 19610E-03 

.7128 

^ ’ 


.150 

1.4666 

.426386-04 

•19538E-03 

.7126 

t 


.200 

1.4778 

.42511E-04 

.19439E-03 

.7123 



• 250 

1.4787 

.42348E-04 

.193 HE- 03 

.7118 



.300 

1.4 730 

.421506-04 

• 19157E-03 

.7113 

h 

I: 


.350 

1.481° 

.41916E-04 

• 18975E-03 

.7107 

Ah 

IF.' 


.400 

1.4867 

• 41648E-0 4 

• 1 B767E-03 

.7100 

i 


.450 

1.4901 

* 41345E-0 4 

•18533E-03 

.7092 

i: 

1 


.500 

1.4917 

• 41Q09E-0 4 

• 18275E-03 

.7084 


*550 

i . 4958 

•40641E-04 

. 17992E-03 

.7076 



.600 

1.5020 

•402406-84 

• 176 86E-03 

• 7068 

1: 

4 ■ 


.650 

1.5059 

• 39808E-04 

• 17358E-03 

.7060 

P. 


.700 

1.5170 

•39346E-04 

.1700 9E-03 

.7053 

ii 

% 


.750 

1.5170 

• 38854E-04 

* 16652E-03 

.7043 



.00 0 

1.5283 

« 38335E-04 

• 1 628 3E-03 

.7031 

c 


.850 

1.5365 

.377896-04 

. 1 5696E-03 

.7021 

jt 

It 

h* . 

.900 

1.5436 

.37217E-04 

. 15495E-03 

.7014 


Eg jg 

!zl 

.950 

1.5519 

.36622E-04 

. 15081E-03 

.7011 

n : 

t 

1.000 

1,5603 

.360D6E-04 

. 14656E-03 

.7011 


1.050 

1.5717 

.353716-04 

. 14231E-03 

.7012 

i ■' 


1.100 

1.5787 

.347206-04 

• 13877E-03 

.6979 

i 

L 

^ sr 

v,v 

1.150 

1.5872 

.34055E-04 

. 1351 8E-03 

.6950 

L ! • 

1.200 

1.5988 

.333806-04 

• 13 155E-03 

.6927 

5 

6 

h> £T 

fLt 

1.250 

1.6078 

.32697E-04 

• 12792E-03 

.6909 

r 

L i-ji-t 

1.300 

1.6143 

.32010E-04 

.12430E-03 

• 6896 

l 

* -4 — H 

DO 

1.350 

1.6235 

■ 31322E-0 4 

* 12075E-03 

.6887 


1 .400 

1.6287 

.306356-04 

, 117396-03 

.6876 

1 


1.450 

1.6395 

.299536-04 

.114076-03 

.6870 

: 

? 


1.500 

1.6425 

• 292 76E-0 4 

.110806-03 

.6871 

t 


1,550 

1.6470 

•28607E-04 

. 107606-03 

,6876 



1.600 

1.6562 

•27948E-04 

. 104476-03 

.6887 

| : 


1.650 

1.6574 

• 27300E-0 4 

• 10141E-03 

.6902 

| 


1.700 

1,6597 

• 266636-04 

.979676-04 

.6954 



1 .750 

1.6637 

. 260 39E-04 

.952946-94 

.696? 

1 


1.800 

1.6652 

.25427E-04 

. 92714E-04 

.6971 



1.850 

1.6665 

.248286-94 

. 90217E-04 

.6981 

1: 

t- 


1 .900 

1.6701 

* 24242E-04 

. 8790 4E-04 

.6992 

t 

% 


1.950 

1,6693 

.?3669E-04 

. 85447E-04 

.7006 

■: 

£, 


2.000 

1.6697 

. 231 D9E-0 4 

.831366-04 

.7022 



TAPLE V. REAL-C-AS ISENTROPTC EXPANSIONS OF PASAHYC»OGEN 




F, TT 

= 200.0 K 

PT = 

10.0 ATM 

RHOT = 

•l?2E-0? 

G/CH3 

SVT =106? 

.277 M/SEC 



i' MACH 

° E/ M 

? 

CP/CV 

SV/3VT 

P/FT 

T/TT 

rho/rhot 

A + /6 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 











RELATIVE TO IDEAL 

GAS VALUES 

0.000 

0 . 

1.0067 

1.3501 

1. oono 

i.onno 

1 .0000 

1,0000 

0.0000 

i.nooo 

1.0000 

1 .0000 

1.0000 

.050 

,9455+07 

1.0067 

1.3408 

. 999° 

. 998? 

.9996 

.9987 

.0860 

1.0000 

1 .0000 

1.0001 

.9999 

v .too 

• 188F + 0 6 

1.0066 

1.3497 

.9990 

.993? 

.9907 

.9950 

.1713 

1 . 0 OQO 

1.0001 

5.0003 

.9999 

t .15 0 

.281E+08 

1.0066 

1.3495 

. 9978 

.96.8 

.9961 

.9887 

.2550 

1.0000 

1.0004 

1.0006 

.9999 

I .200 

.371E+08 

1.0065 

1.3492 

.9961 

.9733 

.9931 

.9802 

.3365 

1 . 00 m 

1.0008 

1 .noio 

1.0000 

l .250 

.A59E+08 

l. nn64 

l .3468 

.9939 

,95H6 

.98 9? 

.9693 

.4151 

1.0001 

1.0012 

1.0016 

.9999 

| .300 

.5445+08 

1.0067 

1 ,3 + 84 

.9913 

.9412 

.9846 

.9564 

.4902 

1.0002 

1.0019 

1.0023 

1.0000 

| .35 0 

•625E+O0 

1.0061 

1.3479 

. 9807 

.9211 

.97 PI 

.9413 

.5611 

1.0003 

1.0025 

1.0031 

1.0000 

1 .40 0 

, "’O ?F ♦ 0 8 

1 . 00611 

1.3+74 

.9848 

* 8985 

.9729 

.9241 

.6274 

1 .0004 

1.0032 

1.0041 

.9998 

i .450 

.775- +08 

1.0058 

1 .346 8 

. 9809 

.8739 

.9660 

.9054 

.6088 

l.nooe 

1.0041 

1.0051 

.9999 

fi . 5 n o 

.842E+08 

1.0056 

1 .746? 

.9767 

.8473 

.9584 

.88*0 

.7448 

1.0000 

1.0051 

1.0064 

.9996 

\ .55 0 

■ 905E+0 8 

1,005*. 

1,3456 

,9720 

.8192 

.950? 

.8632 

.7953 

1.0010 

1.0062 

1.0077 

.9997 

f- .600 

. 96? F + 0 8 

1.0052 

1 .344 9 

.96 71 

.7899 

.9414 

.3403 

.0403 

1.0013 

1.0075 

1.0092 

.9998 

.65 0 

• 1 0 1E + 0 9 

1.0050 

i .3442 

.9613 

.7594 

.9320 

.8162 

.8794 

1.0016 

1,0088 

1.0106 

.9997 

f‘ » 7na 

.1065+09 

1.0046 

t ,3436 

.9562 

.726? 

.9221 

.7912 

.9127 

1.0020 

1.0101 

1.0125 

.9995 

.75 0 

-110E+09 

1.0045 

1 .3429 

. 9504 

.6966 

,9117 

.7656 

.9405 

1.0024 

1.0116 

1.0143 

.9994 

t .300 

•114E+09 

1.0043 

1.3423 

. 9443 

.6645 

.9009 

.7393 

.9626 

1.0029 

1,0130 

1.0162 

.9991 

.850 

.1175+09 

1.0041 

1. 7 418 

. 9380 

.6325 

.8897 

.7128 

.9794 

1.00.35 

1 . 0 1 44 

1.0183 

.9988 

r .900 

.1195+09 

1.0039 

i .3413 

.9315 

.60117 

.8781 

.6060 

.9911 

1.0041 

1.0159 

1 .0204 

.9964 

. 95 0 

.imF + (J9 

1.0036 

1.3409 

.9248 

.5691 

.8662 

.6590 

.9979 

1.0040 

1.0173 

1.0226 

.9979 

J, 1.000 

. 122E + 09 

1.0034 

1 . 3 4 D 6 

.9179 

.5381 

.8540 

.5321 

1.0000 

1.0056 

1.0186 

1.0248 

.9971 

f. 1.05Q 

•123E+09 

1.0032 

1.3404 

.9110 

,5076 

.0416 

,6053 

.9970 

1,0064 

1.0196 

1 > 0271 

.9961 

f 1.100 

. 1 24“ + 0 9 

1.00 Tr 

1.3+04 

.go 7 ) 

.4780 

.8289 

.5789 

.9919 

1.0073 

1.0707 

1.0295 

.9951 

l 1.150 

,1245+09 

1 . 0 T-v 

1.3405 

. 8967 

, 449? 

.8160 

.55 27 

.98?? 

1.0083 

1.0214 

1 .0316 

.993 8 

f 1.2H0 

.124F+09 

1.0075 

1.3409 

. 8894 

.421 5 

.0030 

.5271 

.9696 

1.0094 

1.0222 

1.0342 

.9924 

f 1.250 

. 123E + 09 

1.0023 

1.3414 

. 8820 

.3948 

.7997 

.60 20 

.9539 

1.0105 

1.0225 

1.0365 

.990 6 

|: 1.30 0 

.1225+09 

1.0021 

1.3421 

. 87*6 

.3690 

.7764 

.4775 

.9356 

1.0117 

1,0225 

1.0386 

.988 6 

i 1.350 

.1215+09 

1 ,On?n 

1.3431 

,8671 

.3445 

• 76 ?° 

.4537 

.9153 

1 .01^9 

1.0223 

1.0410 

.9667 

1.400 

.1205+09 

1,0013 

1.3444 

.8597 

.3211 

.7494 

.4306 

.0931 

1.0143 

1.0218 

1.0431 

,9844 

\- 1*450 

.1185+09 

1,0016 

1.3460 

.8521 

,2980 

.7357 

,4082 

.0692 

1.0156 

1.0207 

1.0451 

.9816 

h 1.500 

.1165+09 

1.00 1*. 

1.3479 

. 8446 

.2776 

.7220 

.30 65 

.8439 

1.0170 

1 . 0191 

1 . 0469 

.97 65 

!’ 1.550 

•114E+09 

1.0013 

1,3501 

. 8371 

. ?5 76 

.706? 

.3657 

.0177 

1.0185 

1.0170 

1.0485 

.975? 

i : i.6nn 

.1175+09 

1.0911 

t.35?8 

.8296 

,?3P7 

.6944 

,7457 

.7907 

1 . 0 ?0 0 

1.0145 

1. 0499 

.9717 

1,65 0 

.1095+09 

1.0010 

1 .3559 

. 8220 

. 2200 

.6805 

.3264 

.7629 

1.0216 

1.0111 

1.0510 

.9675 

1.70 0 

.1075+09 

1.0009 

1 ,35°4 

. 8145 

.2041 

*6665 

• 30 * 0 

.7351 

1.0232 

1,0075 

1.0516 

.9635 

!j: 1.75 0 

.1045+09 

1.0007 

1.3634 

. 8070 

.1884 

.6526 

.2905 

.7071 

1.0248 

1,0033 

1.0523 

.95 9? 

l 1.800 

.1025+09 

1,0006 

1.7680 

.7996 

.1730 

.6786 

.2737 

.6790 

1 ,0?64 

.9984 

1.0524 

.9544 

1- 1 .850 

.9925+08 

1.0005 

1.3730 

.7921 

. I6"n 

.6746 

.2577 

.6509 

1.0281 

.9925 

1.0521 

.9492 

& 1,900 

.9655+08 

1.0004 

l.378 ? 

.7847 

.1472 

• 61 D 5 

.2426 

.6234 

1.0297 

,9063 

1.0513 

.9440 

E 1.950 

.9385+08 

1 .0103 

1.3349 

.7773 

.1353 

* 5965 

.2282 

• *’961 

1,0314 

.9793 

1.0501 

.9385 

l 2.000 

.91 If + 0 8 

1.0002 

1.3918 

.7699 

.1242 

• 5 B?4 

.21 46 

. >695 

t .0330 

.9 T i 6 

1.0484 

• 93? 6 


A* /A 


..DODO 
• 9973 
.9973 
.9973 
.9974 
.9974 
.9976 
.9976 
.9976 
.9978 
.9979 
. 9901 
.9984 
.9986 
.9988 
.9992 
.9994 
.9996 
.9999 
. 0000 
.OOOQ 
.9998 
.9997 
.9993 
.9991 
.9985 
.9977 
.9968 
.9958 
.9943 
.9926 
,9907 
.9885 
.9858 
,9832 
.9804 
.9771 
.9733 
.9695 
.9663 
.9610 


taple 
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BEAL-GA? ISENTROPIC EXPANSIONS OF PARAHYCFOGLN 


F. (CONTINUED* 



MACH 

LOCAL TSENTPOPIC 
EXPANSION COEFF. 

VISCOSITY 

G/CM-SEC 

THERMAL CONDUCTIVITY 
CAL/CM-SEC-K 

FFANCTL 

NUMBER 


0.000 

r 

. 686 0 66-04 

• 3760 2E- 03 

.7034 


. 050 

1.3451 

• 68467E-0 4 

• 37545E-03 

.7035 


.100 

1.7579 

• 8840 5 t-0 4 

• 3751 9E-0 3 

.7035 


.150 

1.7571 

. 68 70 ?£-0 4 

.374776-03 

.7035 


.200 

1.3602 

.68159E-04 

• 3741 8E-03 

.7034 


• 250 

1.3569 

,679766-0* 

.373436-03 

.7034 


.300 

1.3596 

• 6775SE-0 4 

.372536-03 

.7034 


.350 

1.3567 

. 674966-04 

* 37147 E- 03 

.7034 


.400 

1.3531 

.672816-04 

.370276-03 

.7033 


.450 

1.3562 

. 6667 IE-04 

. 36892E-03 

. 7032 


.500 

1.3538 

. 6650 8E-D 4 

.367456-03 

.7029 


.550 

1.3537 

• 661 1 36-0 4 

.365856-03 

.7027 


.60 0 

1.3550 

. 6568 86-04 

.363806-03 

.7030 


.650 

1.3519 

. 652356-04 

« 360 96E-03 

• 7045 


.700 

1.3505 

, 64755E-04 

.35797E-03 

.7060 


.75 0 

1.3511 

. 6425 1E-0 4 

.35483E-03 

.7075 


. son 

1.3487 

• 63723E-B4 

.351566-03 

.7090 


• 450 

1.3485 

• F 3173E-0 4 

.348176-03 

.7105 


.900 

1.3480 

.626 03E-04 

.344666-03 

• 711 6 


.950 

1.3463 

• 620 1 5E-0 4 

.341066-03 

.7130 

%% 

1 .000 

1*3449 

.614106-04 

• 377376-03 

.7141 

1.050 

1 ,3440 

• 607 88E-04 

.333606-03 

.7149 

it) 0j 

1 .100 

1.3453 

. 601516-04 

.329756-03 

.7155 

1.150 

1.3431 

• 595026-04 

• 32585E- 03 

.7159 

1.200 

1.3449 

•588406-04 

.721906-03 

.7159 

A 

1.250 

1.34*8 

.581656-04 

.31789E-03 

.7156 


1 . 300 

1.3440 

. 574806-04 

. 31385E-03 

,7149 


1.350 

1.3454 

.567866-04 

•30977E-03 

.7139 

*4^ 

1 .400 

1.3469 

• 560 82E-04 

■ 30567E-03 

,7123 

1.450 

1.3472 

.553696-04 

. 3 0154E- 03 

.7103 


1.501 

1.3489 

.54647E-04 

.297356-03 

.7079 


1 .550 

1.3509 

. 53917E-0* 

.290756-03 

.7107 


1.600 

1.3533 

.531 79E-04 

.284136-03 

.7131 


1.650 

1.3543 

.524726-04 

.277486-07 

.7151 


1.700 

1.3601 

• 5167 PE-9 4 

•27082E-03 

.7168 


1.750 

1.363* 

,509176-0* 

.264156-03 

.7180 


1.40 0 

1.3668 

•50149E-0* 

.257*76-03 

.7188 


1 . 950 

1.3701 

. 49371E-04 

.250776-03 

.7192 


1 .900 

1.3772 

.48587E-0* 

. 2440 9E-93 

.7192 


1,950 

1.38?? 

• *7794E-0 4 

•23737E-03 

.7167 


2.000 

1.3899 

. 469 94 E — 0 * 

. 23067E-03 

.7178 


kjjtvhH m 



TABLE V. SEAL-GAS ISENTPQPTC EXPANSIONS QP PARARYCSQGEN 





G. IC9NTINU50* 




MACN 

LOCAL IScNTROPlC 

VISCOSITY 

THE°MAL CONDUCTIVITY 

r ? A f.DT 



EX D ANSION COEFF. 

G/CM-S5C 

cfiL/CM-se r :-K 

N'jPflt 


a . cioo 

I 

. 89743E-04 

.462295-03 

.7104 


.HER 

1.3899 

. 898n*£-04 

.462155-03 

.6908 


.ion 

l ,3aro 

. 897155-04 

.461765-03 

.6908 


.150 

1.393H 

. 8956 °E-0 4 

,461125-03 

.6909 


.200 

1.3916 

, r a 36 7 £-04 

•46022E-03 

.6910 


• 25 0 

1.3983 

. fl 9io?E-a 4 

■ 4590 8E-n7 

.6911 


, 7 on 

1 . T 91 8 

. 88787E-0 4 

.457695-03 

.,6912 


• 35 0 

1.394A 

. OB**! 7 E- H 4 

.4560 85-03 

.,6913 


• A 0 0 

1.3914 

. 8799^5-04 

• 4 54246-0 3 

.6915 


.450 

1.3909 

. 875275-04 

.452205-33 

.6917 


.500 

1.3919 

.870115-04 

.44996E-03 

,6920 


.55" 

1.3874 

. 864515-04 

.44754-E-03 

.6922 


.500 

1.3884 

* 8585 0 E-0 4 

.444945-03 

.6925 


. 6*0 

1.3372 

.85210E-04 

•44229E-03 

.6927 


.700 

1 .3846 

• 845 35E-0 4 

.439575-07 

.6928 


.750 

1.3841 

. 838265-04 

.436725-03 

.6930 


.500 

1.3836 

. 830895-04 

.433765-03 

.6932 


.85 0 

1.3817 

. 82324E-04 

, 4307 0 E- 03 

.6934 


. 90 0 

1.3818 

. 315365-04 

*4275 7 E-03 

.6937 

V 

. 95 0 

1.3^91 

. 807265-04 

.42436 E - " 3 

.6940 

! 

i . o n o 

1.37fc9 

, 798995-04 

.421095-03 

.6943 

y 

1.050 

1 • 3 7 57 

» 799 5 c E-0 4 

.41777E-03 

.6947 


1 . 100 

1. 3 7 0u 

.781985-04 

.414415-03 

.6950 

)— 1 
4. 

1.15 0 

1 . 3 7 0? 

.77731E-04 

.4110^5-07 

.6955 

y 

1 .’O'* 

1 .369 n 

. 7 64 545 - 0 i. 

.40764E-07 

.6958 

o 

1.250 

1.3665 

. 755715-04 

,404155-03 

.6964 

^TLJ 

1 . 301 

1 • 36 5-> 

. 746r8 35-0 4 

•400365-03 

.6974 

Sq 

1 .35 0 

1.3618 

.737915-04 

• 3965 7 r -0 3 

,6984 

wJ 

1 .u 00 

1.3599 

• 7 ? 59 B E-9 4 

.392805-03 

.6993 


1 ,45" 

1 . 757° 

• 7 2 0045-0 4 

.389045-03 

. 7002 


1.500 

1.3553 

• ‘*11105-0 4 

.395716-03 

.7009 


1 . *5 0 

1.3536 

. -T n?i Q E-04 

.381615-03 

.7015 


1 .500 

1.3511 

.- 93905 -n^ 

.777975-03 

.7020 


1 . 6 C " 

1.3503 

. 68444?-0h 

.774305-03 

.7023 


1 . 7 00 

1.3487 

. c '7 56?E-0 t * 

.370715-03 

.7024 


1 . 75 0 

1.3455 

.666835-0*. 

.367155-03 

.702? 


1.000 

1 . 3 -* <.6 

.8*58105-0** 

. 363675-03 

, 7 01 8 


1 . 05 0 

1 . 7**3 

. 649415-04 

•358665-07 

.7039 


1 . 90 11 

1 . 3*97 

. ^ 0 7 J ~E — 0-* 

.3 5 32 7^-03 

.706 7 


1.950 

1 . 3^*n 

*6321 7£-0 4 

.347956-03 

, 7 Q9? 


? . oog 

1 . 3-*Q r 

.62363^-04 

.342695-03 

.7113 


table 


real-gas ISENTROPTC expansions of par ah ycpogen 




p A> 


V. 




TT 

= 30 0.0 K 

PT = 

10.0 ATM 

RHOT = 

. 814E-03 

G/CM3 

SVT si 317 

.507 M/SE-C 




MACH 

RE/M 

1 

CP/CV 

SV/SVT 

P/PT 

T/TT 

RHO/RHOT 

A*/ A 

SV/SVT 

P/PT 

T/TT 

RHO/RMOT 

A*/ A 

i 










RELATIVE TO IDEAL 

GAS VALUES* 


O.ODO 

0. 

1.D059 

1.3709 

1.0000 

1.0000 

1.0000 

1.0000 

0.0000 

1.0000 

1.Q0G0 

1.0000 

1.0000 

1.0000 

.05 0 

. 596E + 0 7 

1.0059 

1.3865 

.9997 

.9982 

.9995 

.9987 

.0864 

1.0000 

1.0000 

1.0000 

1.0000 

1.0019 

p .100 

• 11 9E *-0 8 

1.0059 

1.3864 

.9989 

.9930 

.9981 

.9949 

.1721 

.9999 

.9999 

1.0001 

.9999 

1.0018 

[' .15 0 

.1775*08 

1.0058 

1.3862 

.9976 

.9844 

.9957 

.98 87 

.256? 

.9999 

l.OODO 

1.0001 

.9999 

1.0017 

l: .20 0 

• 234E +0 8 

1.005B 

1 .3859 

.9958 

.9725 

.9923 

.9001 

.3380 

.9998 

1.0000 

1. 0003 

.9999 

1.0016 

f .250 

.290E+0B 

1.0057 

1.3556 

.9935 

.9576 

.9881 

.9694 

.4169 

.9997 

1.0002 

1.0004 

1.0000 

1.0016 

r .300 

.343E+08 

1.0056 

1.3852 

.9907 

• 93°7 

.9829 

.9563 

.<*921 

.9995 

1.0002 

1.0006 

.9999 

1.0014 

l: .35 0 

.395E+D8 

1. 0055 

1.3847 

,98 73 

.9192 

.9769 

.9413 

.5632 

.9994 

1.0004 

1.0008 

1,0000 

1.0013 

I .400 

.443E+08 

1.0054 

1.384? 

.9836 

.8961 

.9700 

.9243 

.6296 

.9992 

1.0006 

1.0011 

1.0000 

1.0011 

r .45 0 

•489E+06 

1.0053 

1.3B36 

.97 94 

. 870 9 

.9624 

.9055 

.6909 

.9990 

1.0008 

1.0014 

1.0000 

1.0009 

h .50 0 

•5T2E+08 

1.0051 

1.3829 

.9747 

.8440 

.9541 

.8853 

.7470 

.9988 

1.0011 

1.0018 

1.0002 

1.0009 

.55 0 

.5716+08 

1.0050 

1.3821 

.9697 

.8153 

,945 0 

.8635 

.7973 

.9986 

1.0014 

1.0022 

1.0001 

1.0006 

f .600 

, 60 8E+08 

1.0048 

1.3812 

.9642 

.7854 

.9354 

.8406 

,8420 

.9983 

l.cma 

1.0027 

1.0002 

1.0004 

I .65 0 

. 64DE *0 8 

1.0046 

1.380? 

.9584 

.7545 

.9251 

.8167 

. 8808 

.9981 

1.0023 

1.0033 

1.0002 

1.0003 

r .700 

•670E+OB 

1.0045 

1.3792 

.9523 

.7229 

.9143 

.7918 

.9138 

.9979 

1.0D27 

1.0039 

1.0002 

1.0001 

l. .75 0 

. 695E + 0 8 

1.0043 

1.3780 

,9459 

.6909 

.9831 

.7663 

.9412 

.9977 

1.0034 

1.0047 

1.0003 

.9999 

s .800 

.716Ef06 

1.0041 

1.576B 

.9391 

.6588 

.8914 

.7404 

.96 30 

.9974 

1.0042 

1.0055 

1.0005 

.9999 

.85 0 

• 737E + 0 8 

1.0039 

1,3755 

.9321 

.6766 

.8 793 

.7140 

.9795 

.9972 

1. 0050 

1.0064 

1.0006 

.9998 

! .50 0 

. 753E* Q 8 

1.0038 

1.3740 

.9249 

, 5 949 

.8669 

.6077 

.9911 

.9970 

1.0062 

1.0074 

1.0009 

.9999 

. 95 0 

S 

. 766E *0 8 

1.0036 

1.3725 

.9175 

. 5636 

.8543 

.6612 

.9978 

,9968 

1.0074 

1.0085 

1.0012 

1.0000 

i 1.000 

.7756+0 8 

1.0034 

1.3709 

.9096 

. 5328 

.8414 

.6348 

1.0000 

.9967 

1.0086 

1.0097 

1.0014 

1.0000 

1.050 

.7B2E+0B 

1.0032 

1.3693 

.9020 

.5028 

.8284 

.6007 

.9981 

.9966 

1.0100 

1.0110 

1.0016 

1.0001 

1.10 0 

.786E+08 

1.0031 

1.3675 

.8941 

.4775 

.8152 

»58?6 

.9920 

.9964 

1.0111 

1,0124 

1.0015 

.9999 

: 1.150 

•707E+O 8 

1.0029 

1.3657 

.8861 

.4453 

.8019 

.5570 

.9827 

.9964 

1.0125 

1.0140 

1.0015 

.9999 

E 1.200 

. 78&E+08 

1.0027 

1.3638 

.8779 

.<*182 

.7885 

.5320 

.970 4 

.9963 

1.0141 

1.0156 

1.0017 

.9999 

f 1.250 

.7836+0 8 

1.0026 

1.3619 

.8697 

. 3921 

.7752 

• 50 T 5 

.9553 

.9963 

1.0157 

1.0174 

1.0017 

.9999 

I 1.300 

. 778E+0 6 

1.0024 

1 .3600 

.8614 

.367? 

,7618 

.4837 

. 9*79 

.9964 

1.0175 

1.0193 

1.0017 

1.0001 

t 1.350 

.7715*08 

1 . 0 0 " 3 

1.3580 

.8531 

.3434 

.7484 

.4605 

.9182 

.9965 

1.0191 

1.0212 

1.0015 

.9999 

1 1.400 

. 762E + 0 8 

1.0021 

1.3561 

.8447 

.3207 

.7351 

.4379 

.8967 

.9967 

1.0207 

1.0233 

1.0012 

.9998 

P 1.450 
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